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ANNUAL REPORT OF THH mRTO RICO AGRICUI. 
TURAL HXPERIMKNT STATION FOR im:. 



SUHVA&Y 07 IKYEBTIQATIONS. 

By 1). \V. May, Sj-ecM Ai/fnl in f'hitryf. 

XNTBODUCTION. 

The progress of agriciiltiirc in Pnrlo Kiix), with ivliioh tho oxpori- 
ineiit station hits lieeii connfclcd, liiis Ix'eii derided ]_v iiinrked during 
the year. This hiis l)een dne to viirioiis <;«iises. First shonhi Ix-. 
mentioned the improvement in agrieidtnni] practice made by tlie 
native planters of Porto Rico. They are studying their soils, their 
crops, and the scientific progress of their hnsiness sis exemplified by 
the work of the exix>rinieiit stations. A decided increase in the inter- 
est of the work of tlieir own station can be noticed, aixl a gn>wiiig 
desire for tlie rejtorts and a jK-rsonal interest in the work it.self. It 
is impossible for the station to reach all clas.sG.s of the native inhabit- 
ants, hnt in every connnunity there, are found progressive planters 
who are taking np improved agriculture and are also imparting in- 
struction to their neighbors. It is very encouraging to stv intelligent 
planters who read and study facts imparting itifonnalion to the 
small fanners and peons of their localities. Another factor that is 
having a great influence in the agricultural development of the island 
is tlie influx of planters from the United States, who are going in 
especially for fruit growing. These men come to the island for the 
purpose of making it their home, and their operations n'dound to 
the permanent prosperity of the island by reason of the fact that 
they improve their lands and greatly increase their pro<hictive 
capacity, and at the same time the pr()fits arising from their efforts 
iire reinvested here. A third factor, and a large one, that is working 
for the quick development of !*orto Rieo is the larger <rorporations 
+liat are locating here for the development of tropical industries. 
The first of these were interested in the production of sugar; their 
operations are evident in the great change that has come over this 

"Thia is the sixth aniiunl report of this station. Previous rejKirti* will be 
fonnil In Annunl IleportR ot Hie Office of EJtjierhnent Stations, lltOl. pp. .181-41.^; 
1902. pp. 331-357 ; ItMM. pp. 4ia-l(!8 : 1904, pp. 3«.'i-424 ; ana Office of Eiiperl- 
inent Stations Bulletin 171. A preliniinnrj- report on llie ntcrleulHiral resources 
:ind rapnliilities of I'orlo Rico was puhlished as House Document 171. Flfty- 
Klxtb Congress, second session. 
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production since the American occupation. The central factory sys- 
tem has siii)pl!inlefl llie stmill mills willi their open kettles iiikI low 
extraction. These hiiye "cenlriils" consume the cane |;ro\vn in dis- 
tances of 40 lo .'<() miles, anil llieir operation lias n-siilled in (lie 
abandonment of many small mills tliat now stand idle in the Kelds. 
The large centrals purchase Ihe greater amount »)f their caiie from 
the planters, or else manufacture the sugar on a percentage basis. 
The small growers find it more in'ofitable to dispose of llieir cane in 
this way than to grind it in their small mills of low capacity. In 
addition to grinding cane of others, the large centrals are growing 
more or less cane, f<ir the larger part on leased land. Such plantings 
are usually carrie<l out under the best conditions, taking advantage 
of the HLore modern aids of science. This has a good effect upon 
the various conmmnities in which such plantings arc made by rcaijon 
of the fact (hat many planters in the neighborhood wati-li the rusnltx 
and take advantage of the improved methods demonstrated. 

The one <'rop that has made the greatest advances during the year 
under consideration is tobacco. There has been a decided improve- 
ment in tlie quality as well as the qnantity of this product. The 
im]»rovement of the quality of the Porto Kican leaf has called the 
attention of capitalists to the possibilities of this crop in the island. 
Corporations backed by cajiital have come in for the purpose of not 
oidy gn)wing tobaccos, but of nnniufa<;luring them, taking advantage 
of the |)leutiful supply of cheap labor abounding here. Many acirs. 
esj)ecially in the valleys of the interior, have been ])ut under cultiva- 
tion and prices of lands adapted to tobacco growing have increased 
eiiormonsly. l-arge factories have In-en erected in San Juan, Ihi- 
yanum, and Cagnas, employing hundreds of people. These large 
companies are not only planting tobacctts, but are buying much more 
fi'om the suuill cultivators, A growing practice is for the handlers to 
buy the crop in the, field from the smaller growers, curing and fer- 
menting the plants themselves under the best scientific methods. 

The coffee industry, whicn is the support of the larger number of 
the inhabitants of the island, has shown some improvement, brought 
alH)nt by the reestablisliment of the plantations destroyed by the 
hurricane of I8!ifl. together with a favorable cixtp year. A small 
amount of foreign capital has been invested in coffee plantations, but 
such investments are not as a rule being sought. Many of the plan- 
tations are heavily mortgaged, and such changes as are taking place 
in the holdings of such properties as a rule result from the fore- 
closures of these deeds of trust. 

The plantings of fruits have been very rapidly extended, especially 
with citrus fruits and pineapples. These plantings are made almost 
altogether with foreign capital, and by people from the States, 
especially the Florida planters. From the results obtained in grovei; 



of citriiH fruits now oomiiig iiild iH'iiriiifr. lliorc i-; no ili»iil)| flinf very 
line fi'iiils of tliis rljiss niii !«• i.ro.hircil li.-iv. TIicit U iiiik-Ii yvt I.. U- 
l<-ii]'iu-il ill ivfranl lu iiiclhuils of |mi<lii<'lion, fsjuTiiilly lookinj: to llio 
iiiattor of lUHivjisiiijf llu' cxiiciisc of liriii;riiifr ii frrovc irilo lit'iiriii^. 
Slii|ipiiifr fticililii-s a!so luf.l lo 1m- iilik'Ii i in pro vet I in onlcr to |>iil 

(his fruit into Ihc Nt>w Voik iniirkcl witii llu- mini in to^^•. I'orlo 

Itit'o li)is (letiioiistnitcil tlu- fiii't tli:it it i> iH-t'iiliiirly 'Kitiplcil to tli<> 
|ii'o<liictiori of Ihf piiicjipplf, unil very liirc luscious frtiits ciiii Ih' 
firowti here iit » very luw I'osl. S.-vci'iil million plniits hiivc W-t-u scl 
(hiring the ycur, niiitnly iif iiiipinlcd sli])s of tin- Rod Sptini.sh viirictv 
friim dilm iiikI Kloriiiii, Tlic pliintiiig of the latgi- milivi' pint- <'nllc<l 
Oilx'/oiiii liJis also Ikvii ^'ivatlv .■xloml.'.l. Wliilo ill.' hiin-v |»n1 of 
this vuli.-ty is raniK'-l. soino sii.r.-ssfn! «l,ipm.-iils hnv.- U-.-n iiia.l.- t.i 
tin- N.-w ■^'ork markt'l. 

'I'liorc has Ih'oi, a (h'.-i.h-,l imj.rov.'nM'ni witli u mmih.-i- of oih.-r 
.■roi)s which will Ih. iioI,',I nii(t<-i' their s.-purato h,-a<ls. Th.- work of 
tlK' i-xix-riiiuml slalioii has Ix-cii .'onliiitu'.l ah>ii^r|hc lin.'> slaXnl in tin' 
previous rqtort. Tin' dcmaiKls have Ixt'ti iziwM an<] in many rases 
ur^fcnl to .-xpaiul tin' work, hiit the pivx'iit income an<] irsonircs will 
nol justify the oiithiv nccrssarv. The inconu' for llic slution foi' Ihe 
year has not incirase.i matei'ially. eonsislint;. as in the pivvious year. 
()f Ihe Federal Ji|)propria1ioii of ^iri.lMH) anil Ihe n'ci'ipis fi-.ini the 
sale of products, the latter fund showin^r a small increas,'. Klforts 
wert.' made to secure an additional ap|H'oprialioii from ihe insiilur 
h'^'islatnre. hut. owing to the Hniited resources of the island and 
heavy demands of the various local depaitmenis of the government, 
nothinfr was secured. While, in the wi'iler's o|.ihioii. the ,-\\H-r\- 
iiieut station is the source from which the improvement of the agri- 
cultural conditions will come, the economic situation of the i>hind 
is siu'h that certain other atfairs are considered to lie moiv urgent 
hy the authorities. The atiieniic disease pri'vailing among the inlnili- 
itanfs of the interior i-e<|nires large appropriations at (he present 
time to carry out the very efficient control reuieilies developed shice 
the American occn]»ation. Again, ihe illiteriicy itivvailiiig on the 
island has made denninds very strongly in favor of educatiomil 
work. 

It is nec<?.ssary that the income of this station be increased, and it 
is desirable that the Federal appropriation be augmented by extend- 
ing the appropriations under the Adams Act. thereby ]>utting the sta- 
tion on a basis Hiniilar to that of the stations in the State,s, The cost 
of operating a station in the Tropics is greater than in the Temperate 
Zone, freight rates are higher for all supplies, it is necessary to pay 
higher salaries in orcler to retain men in isolated places and under 
new and trying conditions, and the cost of cultivation of land is 
higher, owing to the continuous growing season and the rank spread 



of vegetation. Again, the questions confronting the tropical stations 
art' greater for several reasons than those in the Temperate Zone: 
thei'e is more pioneer work to be done and there are many more 
problems to be worked ont by reason of the fact that exiierimentai 
work in the Tropics is comparatively new and station-s are few and 
far between, 

Mr. W. V. Tower has^ been added to the staff as entomologist and 
plant pathologist during the year. It is very desirable to a<ld a 
chemist lo the station and to fit up a chemical laboratory. This 
is a very urgent need if certain lines of work are c'ontiniied and if 
other necessaiy experiments are undertaken. Owing to the estab- 
lishment of other .stations in Spanish-speaking countries and to the 
demand of large corporations in the Tropics for trained men as 
manager.s, the station should be in a position to pay better salaries 
and to hold men by being able to offer adequate inducements when 
they are solicited to go elsewhere. 

FARU ENQINEERINQ, 

The condition of the experiment station farm is being cnnlinnally 
improved, as means will allow, by building roads, drains, irrigation 
ditches, and fences. The road running thi'ough the farm lias been 
graveled, and another road is under construction into a valley where 
the operations of the station are now lieing extended. 

The condition of the soils of the station has been greatly improved 
by tile drainage, and further drains are l;)eing laid from time to time 
as means will allow. Great interest has been taken by our planters 
in the drainage operations at the station, as we have the only tile 
mill in the island and are pioneei-s in this work. Heretofore surface 
drains have been c<mstnicted yearly at great exjiense. The station 
has sold tile to several planters for tiling their land and is encour- 
aging this whenever possible. The municipality of Mayaguez allows 
the station to manufactui-e tile without paying the usual license 
fees, nndei' agreement that this shall cease whenevei' private parties 
undertake their manufacture. Many acres of very valuable land 
can be reclaimed in the island by drainage, not only those soils that 
are too wet for profitable crops, but others in the drier sections that 
are alkaline. An area of soil on the experiment station farm that 
is now yielding the largest crops as a result of ilrainage has heretofore 
been worthless except for grass, because of the very large amounts of 
water it contained. 

Experiments are being carried out in cement construction, especially 
in the making of fence posts. The station was fenced about three 
years ago, and already a great many of the [josts have been replaced. 
A\Tiere there are so many wood-eating insects as in |1he Trippjcs, wood 



const met ion slioiilti 1n< suppliiiitvd l>r nllior iiiali-rials whcrv it is 
possible, T1h> ivmciit posts iiiiidi' by certniii nietluxls an' (ti-oviiijc 
vi'iy sHtisfuctoi-y. A iK»st 4 by 4 iiiuhcs iit the liuse iiml It by 4 iiiclips 
111 the top c«n U.' iniule for 20 cents, niid iit this pri<'p proves far 
cheaper than ivowl pasts. 

A greiit iHHiiy iiKpiiries iire iiiailc of the station refpirdinj; pninp- 
iiL<r itn<l other iniichinery. iiml sneh ipiestions iire liikeii ii|) as fnr us 
oiii' lime and ability will allow. In the liiier sin'tions of the islimd 
some very pro<hietivf lands an- U-inf; lironjrhl under ndtivation by 
means of irrigation plants. Water is found fix)ni 20 to HO feet lK'h>w 
the surface and is raised by pnmps of various deseiiptions. As this 
work is largely of a pioneer natnre, it is very iini>ortanl that efforts 
of the planters be directed in the nietIi<Kls of brinfjinfr water to the 
surface and also in the improvement of the condition of the soils 
brought about by eliminating alkali. 

LIVE STOCK. 

There is great room for iinproveineiit in ihe various classes of live 
.slock in Porto Rico. Very little pure-bred stock has Ix-en imported 
since the time of the early Spanish discoverers, and the result is that 
(here has been very little iniprovenu-iil in Ihe (juwlity of the animals. 

From the results reached at the exiH'rinieiit slation and on the 
plantations, there seems iw donlit that im|)roved animals of the vari- 
ous breeds can lie ini[M>rteil and successfully acclinnited. There is 
also no doubt that the breeders can greatly ini])rove thcii' aiiinnds 
and obtain greater profits by Ihe wise importation of new blood. 
Certain points, however, must Im" observed in ai-climating animals 
front the Temperate Zone, or losses will <wcnr. 

The horse of Porto Kico is small Init wiry. Some of them are 
very handsome and of great endurance, but in the States anituals 
of the size common here would be classed as ponies. They are espe- 
cially adapted for riding purposes ami go the easy gaits very 
readily. 

In importing horses into the island those breeds that ai-e inclined 
to fleshiness .should be avoided: a Iwlter ty|K; is the medium-sized 
lighter specimens of the standani bred or tnHting horse an<l the 
.\niorican saddle-brenl horse. Moreover, this ty|ie ci-osses Itetler with 
the, native animals, as they are nearer the same conformation. Even 
with these animals, however, in any extensive breeding opt^ations 
nifmstrosities occur; that is, animals not well inoporlioned in their 
various parts. 

While the importation of pniv-bred animals from the States means 

a great deal for the improvement of the native st<Kk, it should, at the 

same time, be borne in mind by onr planters that great improvement 
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can also be reached by selecting their bi-eediiig anhnnts with nuire 
care. This is a point that has Imh'd too {jrcatly neglected in the past. 

Many of the native cattle, considering the lack of care in breeding, 
are excellent individnals. Thr first requirement of the cattle of the 
island has Ix-en for work animals, and the beef and milk functions 
have been disivgarded in any scheme of inij)rovenient. The animals. 
when they iniitmv. which is rather hile. make splendid work oxen on 
(he cane plantations. T(» improve the nice for beef or for milk pro- 
duclinn (he shortest way is to import pure-bred bulls. 

Imported animals should Im? kept in stables and fed cut grass, or, 
at least, should 1m' kept in small lots well shaded until they become 
thoroughly acclimated. The ^-eeond generation will probably be 
found as well acclimated as the native race, but animals brought fi\>m 
the States will n()t thrive if allowed to run in the hot sun and to have 
only the coarse griisses u-^nally obtainable. 

There is a difference of opinion as to whether tick fever exists in 
Porto Rico. From experiments made several years ago liy the Bu- 
reau of Animal Industry of the United States Department of Agri- 
culture, AVashington," the conclusion was reached that this disease 
prevailed here. A veterinarian who has been on the island sinw the 
American occupation stated to the writer that it did not prevail. If 
it does it is not in a virulent forni, oi' else our cattle are very immune 
to it. The stntifui has had some SO heiid of imj>i)rted cattle fnan the 
States, all from north of the quarantiiie line. Of these three head 
were inoculated against tick fever; the others were not. While these 
animals were infested willi ticks from the lime of their arrival, there 
were no e^■^denc^■^i of lick fever. Within (en days after arrival '200 
ticks were taken fnmi a 2-year-old Holstein cow, yet she showed no 
evidence of tick fever. However, all (he animals at the station were 
well cared for and fed a plentiful supply of green grass at all times. 
Under sneli circumstances conditions are much more favorable than 
where aninnils are turned out in pastures without having special care, 
^liile (he indications so far are (hat animals can be brought from the 
States and safely acclimated without being inoculated against tick 
fever, it is strongly advised that they be kept in places sheltered 
from the suu and \m fed a plentiful supply of succulent grasses. 

Pigs, turkeys, geese, ducks, and chicltens have been acclimated with- 
out any serious losses at the station. The halching of poultry, both 
under hens and in the iiicnbators, has l>een carried on during the dry 
season and has been fairly succ-essful. During the rainy season heavy 
losses of young chickens have been reported from several sections of 
the island. Bi'eedei>; are advised to confine their hatching operations 
to (he dry season for fowls and (o pro|K'rly [u-otect Ihem from the 
rains, and esjiecially the damp grasses, 

" U. S. Jiept, Agi'., BureiUi t)f .Vnliiuil liidustr.v Ki>t. llKKt. |Jii. 2!l. 42li. 



Tlie station is not located in u I obu coo- growing section. Tlie soils 
are extremely heavy and tlie rainfall great. However, some e\i>eri- 
ments are being carried on. especially with tlie White Bnrley manu- 
facturing tobacco giowii ill Kentncky. This tobacco grows very 
vigorously and produces very heavy yields. The crop brings Iwally 
about 12J cents per pound, which is a very fair average for this 
variety. It is used by small lia-al factories in making the low grade 
of cigars and also for manufacturing a chewing tobacco. Sumph's 
were submitted to several toin|)ttiiies lociited in different sections of 
the island and seed were also sent them for trial. The manager of 
one of the largest companies stated that he thought it would make 
11 good bindei' for cigars. 

An extended scientific study of tobacco prodneticm in l*orto Kico 
would Ik' of great value at this time. Such work {-ouhl l>e carried on 
at a minimum cost in coo|>eration with the <'ompanies now pnaliiclng 
tliis crop. The services of a scientifically trained exjicrt are ne<w*iary 
and he should devote his entire time to the work. The results reiwrted 
in Bulletin r> of this station on tobacco growing in the island have 
}>eeii very favorably i-eceived by our planters and the Inilletin has 
been in great demand. Upon this as a basis further work nwds to 
he carried out not only in the growing of tobacco but esiiecially in 
tiie curing and fermentation of the product. 



A detailed account of the e.\i>er in tents with cotfee during the year 
will 1r> found in the report of the expert in charge of this work 
(p. iiO). This has U-en a continuation of the methods of culture, the 
fertilization of the trees, and the introduction of foreign coffees. Tlie 
coffees of Porto Rico have never lieen fertilized an<l more attention has 
been paid to this matter in our experimental work. The coffee tre*> 
lends itself readily to improvement by ferfilizhig the soils, and this 
crop in the island has decreased more in quantity than it has dete- 
riorated in quality, so that the first real improvement in this product 
depends upon properly fertilizing the trees. By observing the enor- 
mous crop of Iwrries carried by the trees this si-ason it is readily 
apparent that such a condition can not cimtinne without adding some- 
thing to the soil. As many of these heavy crops have lieen taken 
from most of the trees for a number of years, if is not hard to deter- 
mine the reason for the low yields of some plantations compared with 

During the coming year several more of the imix>rted coffees at the 
experiment station, including the higher jiricetl Javas, will come 
into l>earing. These introduced varieties will Ijte tested by experts 
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:.iid u coil vent ion of tlie cotfee growers will be allied for tlie piiipase 
of con«itlL'i'iiijr tlie qiieslioii of chaitging from growing the I'ortn 
Hican coffw to that of growing Hiosc coffees tliat bring the liighest 
prices in the United States ninrkets. The Porto Kicaii coffee is con- 
sidered the highest type of ufter-dinner cotfit and is iiitich relished 
and brings the liighest jirice in the Latin coinitries of Enrojx'. Many 
efforts have iKt'n made to intnHhice this coffee into the United States. 
hilt without miidi success. The question arises whether it winild be 
better lo continue the attempts to teach the eofFee-dr inking public of 
the States to appreciate tlie ijociiliiir flavor of the Uorto Kicaii l)eiTy 
or whether it would be easier and a shorter method to grow the coffees 
tfiat they already prefer and for «hicli they now pay the highest 
prices. 

SUGAR CANE. 

The planting of sugar cane in the island has been largely increased 
during the year. These pbintings ai-e being extendeil almost alto- 
gether in the low ground skirting the coast line. They are extending. 
however, among the first range of low hills, and in sections where 
the rainfall is abundant and the soil fairly fertile very g(MKl canes 
are pi-odiieed on such lands. The " central system " is growing and 
new mills of large capacity have Ik'oii installed, while those ali-eady 
established have increased their machinery. Several lines of e.vperi- 
ment shonld Iw carried out with cane, but as this cro]» is an expensive 
one to <leal with and the funds of the station are limited nuicli can 
not be undertaken. The station is planting some improved canes of 
the island and has also inlrodiiced the most promising canes of the 
ISritish department of agricnllnre iil Harbados, kindly sent by Sir 
Daniel Morris, commissioner in charge. It is e.stimated by the British 
department that the yields from these improved canes have increa.sed 
the output of sugar on the same aiTa alnmt "Jo jx'r wiit; doubtless an 
equal increase can be obtained by planting improved canes in I'orto 
Rico. A collection of the best canes from exiK'iiiiients carried on 
by the Louisiana Station at Audubon Park have been very kindly 
sent by Prof. R. E. Blouin. Some of these canes have proved very 
good indeed for Porto Rican conditions, and a number of them, and 
also other canes, have been sent out to i-epresentative planters in 
various sections for further tests. The ])roper fertilization of cane 
each planter must study for himself, as there is quite a variation in 
both the chemical and pln^sical composition of the soils planted to 
this crop. A scheme for testing the refiuirements of the cane bj' a 
system of twentieth-aciT plats has Ih'cii outlined by the station and a 
number of planters in diifereiit .seclituis of (he island have taken it 
up and are making an extended study of their soil requirements. A 



iuiiul>or of thi' moil' jijoffiossi vc |.lniit('t>. luivc n siiihII porlioii of 
llu'ir ."^liilc^ .l.'votwl lo .-xiM'i'iim'ms in nine i-ro-lii.-t i..ii. il pi'oviii;; 
,.f frrr-nt iiit.-nM nn.t xnlm: 

COTTON. 

It hiis Ih'<<ii (letiKitisli-ntcd tlijit S<-i( Isliiixl roltoii ciin Ix' •rrowii in 
Porto U'u-o. Imt lln- .■\t.'iisi<.i. of ll.is itoji is noi making' iiim-li [.nifr- 
n'>s. II is a jiliinl Unit Ims frrowii lu-iv fmin llu- i-nrlit'^l (iiiifs; in 
fjK'l. foltoii is siinposctl t<i Im' iiniifri'iiotis lo Ilic isiiuHl. Imt it is ii 
iTo|> Ihiil hiis novel- a|>]K'iili'il lo llic pt'oiilc. us llicn- linvi' hwn oUiits 
lliiit liriiig ini-fp'r money retiinis. 'I'liere is no doubt. Iiowever, tliiil 
rminy of tlie smaller fiirmers cjin make ihis a very |H'olitiilile ijiiliistry. 
espeeiiiily as lliey ean employ tlie women and ehildreii of liieir fami- 
lies ill ils prodiicliou. It is a ei-op, liowever. llial needs fertilizers 
to ^'1 adL><]initf I'etiirns, and iiol iinlil our ]ilan(ers leai'ii tlie |iro|M'r 
use of ferliliziiifr materials ean tliey e.\|>eet a very larjre itu-ome from 
(i>tlon firowing. 

Tlieiv is no boll weevil in I'orto Uieo. and eoni|)ared with llie 
Soiilhern States the ishiml is i-i>m|>arativeiy well otf in ils fivedom 
froTii inseet enemies of this plaiil. Tlie eolton ealei-jiillar is the only 
scrifnis menace, and this in^'ct <-nn l>e kejil in cheek by well-known 
iiipaiis. i»rovided the plunter is vigilant and ready to apply his reme- 
dies when (lie insect comes. The cotlon plant jrrows readily in ail 
sections of the island. Imt not all sections are adapted to its profitable 
pnidnrtion. At the exjK'riineiit staticm (jiiite a unniber of e,\|H'ri- 
nients have In-en carried out with eolton in the use of fertilizei-s and 
the trial of <iifTeivnt cottons from ulhcr connlries and systems of 
cultivation. While liie plant {rrows ivadily lieiT, it can not l)e ivc- 
ommended, foz- the reason Unit ()nr heavy raiiifaif, exteridinj; through 
the greater part of tlie island, is not condneive lo the ripeninj; of the 
Ixdls, or to their jjatherinfi and i iirinf;. Kainy weather is very apt 
to set in and rnin the crop, but in many sections wlien' dry sf«'lls 
occur cotton can be ]>lanted diiriiifr llic rainv season to ri|>en during 
the dry, 

aiOB. 

Tlio largest importation of foodstiiff in I'orto Kico still consists 
of rice, which comes from Hie port of New Orleans. Tiiere is some 
extension of rice ^rowin.!j in the island upon the hij^her lands; prac- 
tically no irri^ted rice is jHodnced. Many more acres of low ground 
ai"e being put under irrigation every year and devoted to cane grow- 
ing. AATien it is necessary to rotate this groun<I, or when there is a 
decrease in the present price of sugar, these lands will probably be 
devoted to gi-owing rice, for which they are well adapted. From ex- 
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periments made at ihr station with a miiiibcr of varieties, it was found 
that lowland lii-cs lloiii-isli in I'orto Hiro. When i-eilaiii croiioiiiii' 
forces work iiroiiiid. Porto Riro will probably lie an exporter of this 
.staple. Altliiin^h lalK»i' is plentiful and choiip, protitiible riee grow- 
ing must Im- cariied on) largely with the nst- of iiiiieliinerv, following 
the methods obtaining in Lmiisiiina and Texas. 

FOBAQE CROPS. 

The principal forage crops of I'orto Uico are inalojillo and Guinea 
grasses. These are very rank growing and nutritions grasses^ the 
former growing on the lowlands and the latter on the foothills and 
even on the mountain sides. It does not seem probable that grasses 
superior to the,'^' two for forage purposes can W introduced. Some 
experiiuents have been nuide in testing lawn grasses, of which Ber- 
mudn and grama have succeeded. Hluegrass thrives vigorously for 
II time, but soon dies out. A nunilier of leguminous forage crops have 
been under trial as producers of forage and also for restoring nitrogen 
in the soil. Among those the cowpea is the more promising, making 
a very rapid growth and producing large amounts of forage, Moi-e- 
over, this is a plant that not only adds nitrogen to the soil, but very 
greatly improves the physical condition. No serious insect or fungus 
pests have developed, and this crop is recommended for extended 
plantings over the island. The shelled liean may be prepared in a 
numlx'r of ways, and is a very nutritious article of human food. The 
laborers at the station are growing cowpeas in place of their native 
U'au because of the fact that the yields ai'e much larger in amount of 
food. The Florida beggarweed in the experimental plats made only 
a fair growth the fii'st crop, but the second and third crops were very 
tall, thick, and rank. This is recommended as a soil renovator and 
also as a forage crop. Velvet beans make a fair growth and seem 
free from disea.se: they would doubtless do much better in sandy 
sections. Alfalfa grows well at the station, and may be cut every 
six weeks or two months. It is doubtful, however, if it is a profit- 
able crop in a I'egion of heavy rainfall like this. The malojillo 
and other gras.ses grow more rapidly during the rainy season, aiul it 
i-equires a great deal of work to keep the alfalfa clean. It is probable 
that this would be a profitable crop for drier sections and whei-e 
irrigation is practiced. While the yields here are good, the labor 
necessary to keeping the crop from l>eing choked out is very great. 
Some twelve varieties of pigeon peas, locally called "gandules," are 
under trial at the station. The seed came from India, and among 
them are some varieties that are superior to the gandule now gi-own 
in the island. This pea is grown extensively in some sections, and 
adds very largely to the food supply of the people. Of the seed of the 
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new varieties gixtwii ut tlie stntioiu ii Int hus l>et>n ^^eiit oiil to ilitfereiit 
scrlions for trial. It is h<»j>ei] to st-cinv viirielies tliiil will [ii-<h)ii(V 
II larger aniniiiil of slieiletl jm-hs. Kx|>f]'iiueiils are also innler w«v 
with this j>laiit as sliHile for [iiiieti|>]ili'> ami for yoiiiig iirait;:!' tret's in 
the earlier slajjjes of iheir <;ri)\vtli. 'Ilie pliiiit jjrows fioin •> to H feet 
high, and besides ulfordin^ shade also stoivs niti'ogeii. The station 
is also growing and sending out among the planters a large white 
iH-an known as " sword U'aii." This is a very hardy plant, and will 
glow even in so<l with rank-growing grasses. It has lieen planted in 
ji.alojillo grass with snecess. In sneli ease> it makes a iM-ller lialaiieed 
mixture for hay or green forage, and also improves the soil to siieh 
an extent as to innease the irop iif nialojillo. It is a jilant well 
woi'thy of more i-xtended cultivation. Itesi.les the inlnahn-tion of 
new legumes, some of the more promising native ones are being hn'd 
for the purpose of inei'easiiig their ])rodnetivity. 

FIBER INVEBTIOATJONS. 

The experiments with liher ])laiils aiv being continued and a iiuni- 
lier have iK-en sent to Paterson, X. J., for exiniction. A machine has 
lately been devised that will easily lianille the maguey. A shipment 
was i-ecently made to Paterson of maguey leaves for trial. The 
maehine clpnned them well and the fiU'r was reported to 1k' of very 
gotxl (pnilily. However, as the yields were I'omparatively simill as 
compareil with sisal, it is still ivcommended thai the latter be jn'opa- 
gated instead of tlie native nuigney. Of the various filn^rs. sisal 
promiM's by far the greater returns innler Porto I{i<'an ctuiditions. 
In cooperation with the insular government several (honsand jdants 
have been imported and planted. Funds are available under an in- 
sular appi'opriation for wi-uring a nmch larger supply, and 1110,000 
more have just been impoi'Icd. It is hojK'd Ut sci-ure a great nnmlK-r 
of sisal .slip.s as soon as possible in order to put the industry n|»on a 
eommercial footing in Porto Kico. While other BIhts, as maguey, 
sansevieria, and abaca, will grow in favoied se<'tions of the island, 
the yields are not t<i be compai-ed with those obtained from sisal. 
Kaniie grows well at the station on heavy clay soils in a damp situa- 
tion. A plat of this fiber has yielded continuous cuttings for several 
years and remains healthy anil vigorous. 

A great many palni-filier hats ai-e made in Porto Kico, giving 
employment to many women and children in the weaving. A firm 
has recently established factories at .Vguadilla. Mayagiie/.. and Cabo 
Rojo, employing several hundred women in the niannfactiin* of 
Panama hats. The filwr is imjwrted from C-enlral and South America 
in the raw state and made up in Porto Rico for shipment to the States. 
Labor of this clasa is plentiful and cheap in the ishind, and it is very 
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desirable that the raw ninterial !«■ produced liere in suffioieiit qiinntify 
to supply the demand. The slalioii has a few ])laiits of the jipa-j'apa 
pahu under fxpeiinieut, and from the lesnlls readied it will grow 
readily in llie isjaii.l. At t\\<- i-eqiiest of (iovernor AViuthrop efforts 
ui-e now lieing nitHh' to import this palm for distrilmtion iii different 
sections where hats are made, so that the weavers may l)e providetl 
at )il1 times with a ph-ntifnl supply of raw material at hand. 

rORESTKT INVESTIGATIONS. 

A great deal of the uplands in Porto Kico have been deforested 
and many valuable woods destroyed. This has been done largely 
for the pnrpost- of ohtaining eliareoal. and the value of this product 
has been in no way c-ommensurate witli the valne.s tliut could have 
lM!en obtained had tiie tn-es Iteen allowed to reach maturity. One of 
the more important lines <if agi'ieultural work in Porto Hico is that 
of refor'esting these areas. Alxiut three years ago the experiment 
station planted one of these l>arren liills to tlu- various economic 
trees of the island, as well as some imported from other tro])ieal land.s. 
AVith the exception of the eucalyptus, ntme of these trees have made 
a satisfactory growtli upon tJiis hill. AVhere the conditions are 
poor, but typical of such areas, it has bei'n found necessary to change 
the pnK'edurti in reforesting this plat, and bananas and various legu- 
minous trees of tlie island and other tropical countries are now l>eing 
planted. Nature, in reforesting an area, sends up first a growth of 
plants that ai-e of little value from an economic stand|>oiut. hut these 
seem to pave the way for the growth of more valuable trees and 
shrubs. The station experiments indicate that in growing economic 
plants in the Tropics more attention must 1h> given to the questions 
of shade and wind-breaks. (8ee p. 21.) \ot only is this true of 
certain fruits, as the orange, but also of hardwood trees. After the 
growth of the bananas and the softwood legumes has reached a stage 
where tliey afford wind-breaks and a certain amount of shade other 
trees will be planted. 

MISCELLANEOUS NOTES. 

The station has carried on cooperative work with the insular 
governuient in the introduction of fibers and the enforcement of the 
fertilixer and plant inspection laws. Some work has been carried on 
with different bureaus of the United States Department of Agricul- 
ture. The station is also cooperating with different planters in sev- 
eral sections of the island in the intj-oduction of new economic crops 
and in the use of fertilizers. In the introduction of new crops, the 
station furnishes the plants only, supervising the work and making 
notes oil the progi-ess. In fertilizer experiments with planters the 
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^hitioii fiiniishos the ferlilizt'rsnixl plHtisllitMvork.iim) inoiiilH'i-sof tlu> 

>liiff visit il fnxii tiiiu' li> tinif iniii lakf not,'s. Sii.-li .Icii -^tnillim 

wtivk is tln' liest inciiiis fm- rcjichiiifr a ffiviil iiiiinv iif mir |>]iiiiIoin willi 
ii,i[,n>i<..l Hicllioils. Afri'i.-Lillur.- in lli.. isimul is in „ pri.niliv.' 
,'<iii<liti<»i. iiiiil liold •U'liioristi'iitioti \m>U's tlu- iiioM <-iri-ctiv<' hiniiis nf 
iiistnk-tioii. Tnivcl liiiriiifr Iht- vcjii' li.is U'fii ,-.KifiiK><l ti. tli.' island 
uiul iiiiiiiy s(fliniis luivi' Ih-cii visited Uv (he sfvenil iiu'iiiIh'i-s of llic 
staliori stuff. Visits from ])IjiTil!i(i<iii to iitaiiliition li,iv<- I.wii miidi> 
iind dt^iiiorisfnitions ciinicd on in spniyiiifr. biiddiiiji. fcrliliziiijr, and 
laving off fiunis. 

Till- station is in iii-fp'iit need of nioiv finiils an<l nlinnlil \n' )>liii-t>il 
oil a footing to iwt'ivc tlic iiiconic granlcd llic Stati- stations imilor 
tiie Adtiins Act. A iahomlon- slu.uld I..- titled up and » Hu-iuisl 
added to the staff In-foiv the work in .rilaiii lines ciin U' cnrrivd 
fin'tlior. Moreover, if is liigliiy ilesiral.le llinl luoie insli.ieti.ni Ih' 
given planters in regard to tlie needs ,if llieir -oils ami llieir fertili- 
sation. 
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REPORT OF THE HORTICTJLTXTRIST. 



As most of the horticultural ex per i men I h now iiiidei' way ai"? 
planned to oonlinnc over a hing period, there iire naturally not 
many resnlt.s to l)e reported upon at this time. The scope of the 
work is already too largo to be snccessfidly carried on with the pres- 
ent means and facilities al hand, nevertheless there are urgent calls 
for extension in many lines. 

The worlc carried on at the station consists mainly of testing the 
adaptability of economic fniits; introdncing and testing new varie- 
ties; selecting superior varieties found on the island; methods of 
propagation, planting, and fertilization: experiments in shipping 
fruit to distant nuirkets, and the distribution of seeds and plants of 
varieties which in the station trials give promising results. As there 
has been no skilled help available and only the labor of four peons' 
allotted for this work, it is obvious that in order to i-each results in 
some lines other subjects can receive but cursory attention. The 
work enumerated above is suj>plemented by experiments conducted 
in various places on the islanil in cooperation with progressive 
planters. 

The following plants under invest igatitHi have yiehleil results 
worth recording: 

PINEAPPLES. 

All the varieties of pineapple under experiment have fruited this 
year, producing a number of interesting types, all of which will have 
to 1)6 tried further before specific recommendations can Ix' made. The 
Ruby, a variety from Jamaica, is the most promising of all the less- 
known kinds tried. The Variegated Lajas, a variety found by the 
writer in a field near Lajas, has produced fruit this year. This is a 
strikingly handsome plant, the leaves being variegated and of a much 
brighter hue than the Variegated Cayenne. The variegation is, 
however, not in the plant alone, but also in the fruit, making it very 
valuable for decorative purposes, while the quality is eqnal to that of 
the ordinary Cabezona. AVhile this is the only new variety given a 
name, there are a number of others under observation. Pineapples 
here are not readily classified because of the great local variation. We 
have as yet only four named varieties, but there are many distinct 
types which are now being collected for the purpose of naming, if 

"Coimiioii uiiHkiUed lubiirers ore ueiienilly knottii im iieimw In I'orti) Klco. 
(18) 
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Ihey should prove to Ik» stiiWc. Nnnics ciiii not ppiu>rnlly W it'lipd 
upon here, hiit that is coiiiiiion to all of tlu' varii-ties in the West 
Indies; for instBnee, here ihc Calx'/.onii of Irfija?; i>> diffen-ut from 
the Cat>ezona of Bayninoti. Flniits from hei-e sent 1t> DoiniiiirH 
nei-e ou fruiting chissified witli thi- Hiilihi-«d variety of tiiat island." 
But the Bullhead as received from Jamaiea is very different from 
the Cal>ezona. The Pan de A/.iirar. sent from here to Dominicn. is 
ilescril>ed as l)e!njr the same as lllack Antigua, hnl plants hen' 
leeeived from Antigua under that name are <juite distinct from our 
T'an de Azucar. 

Experiments in methmls of planting, nmonnt of fertilizer, and 
most favorable time of applying ai-e under way. but ni>t far enough 
ailvanced to report upon. The most praelieal side of that work is 
U'ing studied in large fields in cooperation with planters. From the 
thorough studies by the Flori<la Kxperinient Station in fertilizing it 
seems to be well established what the plant needs.'' Here the soils 
are very different, and it is of immediate importaniT to the individual 
gi-ower to find out how much fertilizer he can eeimoniically apply 
and when to apply it. The influence of soil and fertilizer on the 
quality of the fruit is also being studied. 

For jears it has been generally Ixdieved that the Ciihezona j)ine- 
iipple eoidd not be successfully sliipixMl from here to the States. 
Shipments have been made every year foi' a nmnlK'r of yeaiN, ami 
while they were often more or less sncwssfnl, the results wei'e oftener 
negative. This seems to have Iw'en caused by three things — rough 
handling, bad packing, and wet seasons. The past season was favor- 
able for shipi>ing, and |>ines packed in the field, carried in ox rarts to 
tlie train, and on the train to the seaport, and not unpacked Ix'fore 
leaching Xew York two weeks later, were in fairly go«Ml condition 
upon reaching destination. That the percentage of rot can Ih- mini- 
mized was thoroughly demonstrated in several expi'riments at this 
station. On March 24 two barrels, each containing 15 pines, wen- 
shipped to a New York commission house. Of these 3 pi^r cent wei-e 
spoiled; the rest were sold at 50 cents apiece. On May 14 nine crates 
and 3 brtrrels, containing in all 141 pines, were shipped to Xew York. 
Of these from ft to !) per cent were lost and the rtwt were sold at 30 
<ents apiece for the barrel-packed pines and 40 cents for the crate- 
packed, and other experiments gave similar results. Barreled pine- 
apples shipped to Boston and Washington were reiwrted as received 
in perfect condition. The regulation Red Spanish crates were used 
this year by firms shipping from Lajas, hut they were found to Iw 
unsuitable for the Cabezona pine, and exi)eriments were made to 
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ilevisp » crate of innrc suitahU' diiupiisioiis. Tlio fiincy cnitc of 
I''l(iri(|ji wiiH Iricd also jind found iiiisiiitiil)le. hitt Ji tialc nieasiirinfr 
l(> ihdit's wide. 14 inrlips deep, and ;!0 inclios long will Imlil S pim's 
wcifrliiiij; friiiri li to 1-2 pounds, ijackifl i-rossw is<>, 4 mi i-iu'li side of tlic 
jiHrtilii.ii. Tin- liM'^reisiKfs will piu-k well ivilhoiil the use of cxwlsior. 
but for the smaller Monie excelsior will be necesjiarv on tlie top. In 
oilier to fill ont the oiitiiv width of the crate the fniit stalk may U- cut 
off longer on the Hinaller pint's and shorter on the hirgi-r. It is not 
good practice to break the Cabezona like the Red Spanish, because 
the Cabezona belongs to the class of pines the stems of which break 
off in the fruit, leaving a cavity, and often deep cracks in the 
Hesh, in which decay starts almost at once. If the fruit conUl be 
kept long enongli after cutting to let tlie stem dry il would !«■ jH)ssible 
to break it off without injury, and it would be an advantage. Ix-caiise 
in rough handling the stem is often pressed up into the fruit. But 
unfm-tunately this can not lie done, as was shown in the lots kept »Hit 
of every e.\i>eriiiient. in whicli nearly all tlie fruits were in bad con- 
dition, while those shipped were reported |>erfwt. These results 
also confirm the experiments of former yeai-s. 

Experiments were also made in dijiping the fruit in solutions like 
ammoniacal copjwr cnrbonate and a weak dilntion of formalin, as 
well as dip])ing the ends of the steins in melted paraffin, but none of 
these treatments were of any benefit, since when well handled the 
fruit kept perfectly without treatment. The rough exterior of the 
pineapple is deceptive, many people thinking that it does not need 
to l)e handled as carefully as fruits with a smooth skin. This is. 
however, a grt^at mistake. Bruises arc readily caused by scratching. 
squeezing, or bumping, especially in large, loose-fleshed pines like 
the Cabezona s. 

MANGOES. 

More mango trees have \>eei\ planted in the orchard, and also about 
15 acres in another part of the station grounds. (PI. I, fig. 1.) More 
inarched plants have Ix^n received from the United States Depart- 
ment of Agriculture at Washington, and those received last year are 
in good condition, although they have made but slow growth. Large 
trees budded and inarched last year are making very rapid growth 
and will soon yield considerable bndwood. AMiile it has been impos- 
sible to devote much time to propagation, all the different methods 
described by writers on this subject have lieeii tried, and there is no 
question about the feasibility of propagating the mango here. (PI. 
I, fig. 2.) It may be stated that some varieties are much more subject 
to mango blight than others, which fact should be considered when 
selecting seeds for a nursery, because trees on which the yoimg shoots 
and the leaves in all stages are continunllv killed batkitnt^lcdibut slow 
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{Ti'owtli hikI aiv fxlrciiu'ly (lifficiilt ti* Imd. This same fm-tiir slioulil 
iilso be cotisidered in selecting biidwootl from iiiipruve<1 varieties, 
for nltltoiigli the ili-;eiise cuii l>e kept in clieek bv ^^praying, it iie^s 
HO arfnimeiit to eoiivincre a Porto Kican planter that spraying is n 
very costly uiiil often too costly an oix'ralioii hen'. All of the l>etter 
viirieties ^rowiiijr in Triniilad nnil Alartiniqiie have iHvn onlereii 
nnd niiiy Im- expeeted at iiny time. 

AVOCADOS. 

The liisl iinofx'npied lanit in llie orehanl lias this year IxH-n planted 
to avocados (PI. II, fig. 1). some of the Wtter varieties fi)iiiid mi 
Ihe island here being coIkHled and liiidded in tlie nursery. St'veml 
methods of budding have Ix'en tried, and while almost any nietluKl is 
fairly siircessfnl on the avocado. Hie shield bud gives indfornily 
good resiills ami will probably be largi-ly employed U-caiis*? it is 
faiiiiliar lo most growers. 

CITRUS FRUITS. 

.\s the list of varieties tested at. the station liad lH-eoine luoiv than 
100. it was found necessary to take out a large niunlH>r of Ihe films 
trees jdanted in the fall of 100.^. These were planted on the plan 
of 12 of each variety, which is now reducetl to 3 or, in sonu- chm^s, .I. 
In planting trees the old method as descrilKid in last year's n'porl 
has been used, which, of course, necessitated more work in the way 
of spraying for scale insects and other insect pests than could Ih^ 
given with the amount of help allotted, and while most of them 
would have made trees in time, it was one of the cases where it was 
cheaper to pull the trees up and replant. The new trees are making 
good growth and are not ix-ing injured by high winds, as there is 
ii row of bananas planted Ix'tween the rows of orange trees (PI, II, 
fig, i) : neither is the foliage l>eing injured by leaf-eating insects, 
as the soil is constantly cultivated and no wee<ls left to harbor these 
pests. Kcale insects will, of course, have to Iw fought, becaiise there 
lire old trees left to infest the new ones; but under the improve<l con- 
ditions it is hoped that the fungi which destroy scale insects will 
he able lo nearly keep them in check. 
, Most of the varieties first planted are fruiting this year. On 
account of the poor condition of the trees the fruit is, of course, not of 
good quality, but it gives some indication of what may be expected. 
The two varieties of navels. Thompson and Washington, were last 
year sus|jecte<l of not being triie to name, which is fully confirmed. 
Some of the Asiatic varieties ivceived from the United States IX'|)art- 
nieiit of Agriculture are also fruiting, but it is yet too early to judge 
of the quality. Some very desirable local varieties have been found, 



of which Iwo are ivorlhv of -,j)eciiil mention. One entirely seedle.ss. 
found near Majagiiez. i;^ h very promising orange, and one perfect 
navel, also entin-ly seedless, was found near Penuelaa and budded at 
th« station nnder the name of Peiiuelas Navel. 

pj.xtensive ferlilixcr ex|K'nments ai-e lieiiijr conducted in cooperation 
wirli planters. One series is for the pnri)wse of showing how ninch 
fertilizer can oMinoniically U' ajiplied to a tree at a certain age and a 
certain size in ii certaiir s<)il. These e.xperinit'nts are open to any 
planter on the island, llie horticultnrist furnishing the plans and Iceep- 
ing ntiles on llie i'X])(Timcnts. while the planter furnishes any hrand of 
fertilizer which he njay seh'ct. provided the fonnula is suitable, apply- 
ing it and cidtivating tlie trees in the usual manner. The practical 
ivsult of (his is iilivious, if trees at a certain age produce a certain 
ainiiinit of growth and fruit with an application of 15 pounds fer- 
lilizei'. while ihe phits receiving 10, 20. or -W jHMinds jH-r tree hohave 
dilfei-ently. the i-esnits will indicate which amount is the most eco- 
iion,ieal to apply. 

Anolher series of cx]H>rinients is expected to show which ui-e the 
U'sl forms and iiinoiinis of Ihe ditferent fertilizer ingredients for the 
production and growtii of fruit. Jliesc experiments are conducted on 
four different places widely ai>art. each experiment consisting of 9 to 
14 plats of !.'."j trees each. The diffeiviit forms of nitrogen, potash, and 
plntsphoric acid aii' U-ing uM'd and mixed according to formulas 
which have liwn found suitalile in oilier countries. 

Most of (lie oranges jiroduced in Porto Rico come from the moun- 
tain districls. where the tives ai-e neitlier cultivated nor fertilized. 
While the fruit is oflen of very goml (juality. a great portion of it is 
not very firm and dws not ship well. Exjieriments are now under 
way in whii-h such Irws are Iwing fertilized and cultivated, and in 
s<aue places with ihe spi-cial object to show- the influence of potash on 
(he shipping .|uali(y ,if (he fi'uit. 

-Vltliough the results .if these cx|)enmen(s will no( be available for 
a long time, they are of immediate value in an e<lncational way, as 
they give an impetus to indepenilent thinking and experimenting. 



Some of the varieties of cacao imported from Trinidad and planted 
m liWi are now fruiting, but it is difficult to secure sound fruit on 
aecamt of the pod disease, which it has been impossible to keep in 
check for lack of avaihible lalK>r for spraying. If this disease can be 
kept m check without loo givat expense there smns no rea.son whv 
cacao should not W gro«-n here more extensively. The problem to l.'e 
solved IS to determine if picking and burning the diseased pwls and 
spraying can Ik- done so as to make a profit under present conditions. 



Miiiiy varieties of grapcN are being tried here and others have 
U-oii observed in'other parts of the island, and the following facts 
iiiiiv be noted: Phylloxera seems to be absent, but mildew attacks nil 
varietii's. Some varieties seem much more resistant than others ami 
should therefore Ix* seletteil and planted in IcK-ations t<) which they 
I are julai)ted. The (|uesti(Hi of selecting varieties for Imnlities is 
usually h>st sight of. If a variety sik-ch'iIs well in the cool, moist 
mountain districts, it could not rejisonably 1h' exjH'tteti to succeed in 
the hot, dry plains near the seacoast. With well-ada]»ted table varie- 
lies and judicious spraying, grape gi-owing conld no doubt be made 
profitable. It must not be forgotten, however, that local exiH-rience 
is ne<.'essary in order to siicceetl. The experienced grajK' grower 
from California or France would have lo unlearn sonie of the theorii's 
on priming. l)ecause here the Vinifera graiK? dof-s not conform lo 
rules. After pruning, the canes usually die back, nn<] it is therefore 
im])i'actical to cut the s]>tir, and even in half-long pruning it is not 
unusual to lose the whole cane and consequently that year's crop. A 
system of horizontal overhead trelHsing with long pruning would 
si'em to be best adapted here. 

UISCELLANEOUS NOTES. 

The following may be briefly noted at this time : 

Jack kbi it {Artot-iii-pim iiiici/rifdJiii) has nnnle very ra|)id growth, 
iuid the trees arc all healthy. Seeds will Im' intrcKluced for distribu- 
tion jis soon as possible. 

I/KjiAT (Eriohofnjd japviiifd) is making a rapid growth in the 
orchard, and Ix'aring trees, from seeds intnKluced from Spain, have 
lieeii noted in the mountains l>etween Yauco and Ijares. The fruit 
in that ciise was small and of no great value, but judging from the 
Ivehavior of the trees the improved varieties ought to l>e inlnxluced 
at once. 

Cinnamon {Cinnamonuim seylnniruin f). — The tree in the orchard 
was this year trimmed and the trimmings stripped. The product tw 
somewhat too bitter and not aromatic enough in the raw state, but 
it imparts an excellent flavor when used iu cookiug. As the tree is 
a very vigorous grower it would seem to Im; w»»rthy of cultivation, at 
least for home use. 

GuAVA {Psidhivi sp,). — All tlie varieties in the orchard fruited 
tliisyear, but unfortunately the mummy disease, which they were not 
thought to be subject to, has attacked all the varieties: even the 
•;our Guisaro (Psidium molle) is not wholly immune, although it is 
more nearly so than any other variety under (rial. 
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Arpr.EM.— Kelli tin; Eiirlv Iliirvcst mid R«l Astnichaii have borii" 
fruit this war. which miiy in- wiisiiU-ml very fair, as thcv were not 
planleci iiiiti! April, VM)'k The fruit was of fair quality ami not 
th(! least <liseusi'(]. A fiiiifins disi-as*' noted on the leaves last year i~ 
not doiiip niuch daiiiufp.' now, 

i'KA<iiKs.— The |)eji<ii trees, wliich wwv also planted in April. lilO.'i. 
an- niiikiiifr vitv ^'<'od jri"<>"lh anil several ti-et's of the Peeii-To, Jewel, 
and Waldo varieties early in (he season i»i'odnced fruit which wa^ 
of lirst-ilass.|iiality. 

The Kei AiTi.K {Aheria m/m)and Voa-Vaxoa (Vangiteria edulis) 
an<l Waldo varieties early in the season produced friiit which was 
be said aluuit the quality. 

SEED AND PLANT DISTRIBUTION. 

Ahont l.(MH> paekiifies of siu'ds and plants have l)een sent out to 
planters on the island and to correspondents in the United States and 
abroad. Ainon;; the sjK'cial disti'ihiitions that were made should be 
mentioned divi-divi. rozelle, llereii. guuva, aniatniijrnla {C'arissii 
ariliihoi). aiul downy myrtle {Mijrtiix toiia-idoxiis). A large mnnber 
of re(|in'sis for plants of various kinds are received throughout the 
year and in that way the siu'plns material of many iiiidei- experiment 
ir l>eing tlisti'ibiiled Iwfoiv it is actually tested al the station, as well 
as a ininilwr of well-kiiuwn eeononiic fruits and shade and flowering 
I.Iants. 
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££PORT 07 THE ENTOMOLOGIST AND PLAHT PATHOLOQIST. 
By W. V. Tower. 

The writer was appointed a meml)ei- of the station staff in the 
spring of li>0<;. The work whicli was taken up had l>een for a year 
wilhont anyone in charge, and it was therefore nei-eKwary to get. the 
tlireaiij^ togi'ther hefoiv considering any extended line of investiga- 
tion. Many trips were made to different phintations foi' the purpt)se 
of learning the needs of the planters and advising with them in i-e 
gani to nietliods of combating the various insect and other pes^ts with 
wliidi they iiave to contend. Porlo Rico is not infested with many of 
the diseases of plants that have wronght havoc in other countries. 
This is duo. partly to isolation and partly to the fact that extended 
plantings of some of the present economic crops date only from the 
time of the American occupation, stniie eight years ago, 

DISEASES OF CITBVS FBUZTS. 

By far the larger part of the oranges shipped from (he island are 
wild frnif. Thes^e grow in sheltered valleys or gnives of natural 
foi-esi, where they are protected by shade and fi"om the winds. Upon 
such trees scale is absent or does not seem to thrive. On the culti- 
vated groves, especially where there is no shade or wind-breaks, scale 
is increasing in amount, and the battle to kw'p it in check is becoming 
more si?rious every year. 

Scab infests nearly all the sour orange nursery stock and in many 
nurseries it is spreading to the budded trees, especially the grape 
fruit. 

In a recent trip through the orange groves there appeared to Iw 
very little foot-rot or gimi disease. These iliseases, which resemble 
each other in certain respects, are probably due to physiological dis- 
turbances. The best treatment is to thoroughly clean all infested 
areas and apply a fungicide, lieing careful not to use a solution which 
will in time weaken the tree, thus causing its death. 

The red or circidar scale (Chri/fioinphnliiH finis), is becoming rather 
serious in some of the orange groves. Kerosene emulsion Hoes not 
seem to kill it, but lately we have found a parasitic fungus which is 

(») — „- 



tik«Ov to linM it in ctu'ck wli.iwcr tlic c.militions an' fiivoniblc. A 

^.impli' of tliis fiiiijiii- liiis LiH^n M'lit tn the IVpai-tnicnt of Afrriciiltnn' 
111 Wiisliiiifrton for (lolcriiii(i;itir.ii. 

Tlif purple M'ulc ( A c/wMx, (/,/,< v< hi-rl.-ii) is llie iiio^it serioiiK [jcst to 
llii' oiMMj."' frrowci-s. 'I'liis i(iM-cl liiis lii'i'ii i-cporlftl in all tiic frrovc^ 
ill ill,' Hayanii.n liislrict. mid on recent trips to I'oiirp. Yaiieo, and 
IViiiU'luw it "lis foiinil eslalilislH'il in plantcl groves ,>n the seat-oast 
plains. Iiul wii.s not causing iiiiy serious troiil>le. its it seems to lie lu<hl 
in eluM-k l)v finigi. In llie nio'iuitain disti-iets wlu-re no hiiililea trees 
Nave liecTi hilni<imrd tlic j-iirple scale lias nut been found. 

In llie |ilaiiled gi-oves various soups, kerosene, and i-nide oil emul- 
sions, and resin mid [xitasli washes ure lieiiig used. In inspecting the 
groves it is readily sii-n that tliese sprays iire nol giving satisfactory 
iTsiiHs. K.\|H>rinieiits aii- now iM'ing carried on in the stiilion grove, 
lis wel! as in <'oo]M'ratioM wiili planters, testing viii'ioiis insecticides 
I fiingi.'i.lcs. 

Mine iind snlplinr {■!:> [lotinds quicklime, -I'l pounds flowers of siil- 
plnir. iiikI T."- gallons of water) is giving jironiising resnits and dix's 
nol injure the foliiige, except oecasionnlly very tender growth. One 
advantage of lliis mixture is that llie tree appears white after spray- 
ing, thns slnnving just where the s]>ray has toiielied. Of coiii-se it 
would nol !«' well to use it on nearly ripe fruit, as that would net*s- 
siiaU' washing. ny<ln>cyanie acid gas has been tried, hut fr,Hn the 
liiniled ex]ieriiiierils it is too early to draw any (■oiK-hisi<uis. In 
many of lli,' groves where llie naliiral eondilions are favoralile (he 
scal<> is liehl in check l.y parasitic fungi. E.\periiiients are now under 
way to iutHMliice fungi wheiv tliey are not pn-senl. Kiingi develop 
in l(H-alities where the prevailing winds are liroken by windd»reak.s. 
and il is well recognized that unless shelter ivmn the wind.s is present 
it will be necessary to provide wind-breaks by si-ttiiig out such plants 
as are Ix'st suited to the locality. In heavy soils bananas ai-e being 
iisi'd extensivel_v. while in some of Ihe lighter soils the pigeon ]>ea is 
giving good results. 

The ■■cueiilo." or May beetle {Liirlnioxiei-iut sp,), and the orange 
leaf-w.Tvil {/)!,//>,••■/>,■« .y/>,-,,,,l,;-i) are nol alinndant in orange groves 
which have Ih^cii under dean cnltni-e for at least tme season. In 
some of the new groves which have lieen planted in cleared pasture 
lands Ihe IxH-tles are very disastrous. Hand picking is often prae- 
liml. hut ex<tdleiit results have Wvn olistTved bv spraving with arse- 
nate of lead. 

The bn)wn or liemispherical scale (N«,/,w//,, hvmlsplufnr.n) is at 
present not causing any tronhlo. In some of ihe orange "roves and 
eoffw plantations there has been olw.rve.l a fiingns which seems to 
l» dtung g(x)d in cheeking this scale. 
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Tlip Wont Iiulinn [)each scalo {/HatpiM pcntnfionn) is vorv h1)uii- 
liiiiil :ill "vt'r llu' islaml, iiircr-tiiifr ih'iu-Ii, |>Iiiiii. ihiiIUtit, piipiiw, 
.■ii-liir iH-tin. iinil otlu'i' pliiiil^.. Tliis is ii v.tv li'diiMcsdiiic jx'sl. iis it 
iliM's ii"t ivjulilv yifiii t<) sjiriiys iink'ss siroii;!: ciiinifrli lu injiiiv the 
fl.iia{^■ of lilt! liost pliint. 

PINEAPPLE DISEASES. 

TliP pinon|>plo in I'nrto llico is I'oiiipiinitivcly free from ilisciiM's 
or insecl [M^^ts. Diiriiifi; liio liisl yt'iir scvonil iiiiltioii pliiiils \\\wv 
Iwii set, the slips coiiiinjr from Floriihi iitid CiEba. Kn>in liif «ny 
tlic iiiciiislry is fii'owiiij^ and tJK' iiiany sounds from whii'li s!i|»s arc 
l.i'otiylif inio (ii.- isl.iinl. we will no duiil)! Ik- troiihk'd with skiiic wi'i- 
otis disfHscs or |wsts in tiio fndiiv. 

A fri'owcr who h.\>- licvii planlinj; the crowns from (ho fruit used 
at a piiu'ai>ph' ciiiiiicry hus had sonif UmMv with (he phiiils rolling 
soon aflcr being set. It was fonnd advisabh' to allow those crowns 
to dry some eijrht oi' ten days iK-fon- phinting. After siieh treat- 
ment the losses were redneed' very materially. The ti'oiihie is fir>.t 
noticed hy a i-ottiiifr of the lower leaves and nnderjjronnd parts, 
later on extending to Ihc cenler leaves, which nsnaliy remain green 
for some time after the ro-)(s and lower |)ai'ls are entirely decayed. 
The exact natni'o of the troiihle is heing worked out, hut it is not proli- 
ahh' that it is a specifie disc-ase of this |>hnil. 

BANANA DISEASES. 

\ nnnilier of diseased banana stalks have iM'cn sent in to the station 
from some ()f the coffee ])kin(al ions where bananas are nwd for slmde. 
The same disease has als<i l)een f<«ind at the station, and jndging 
from the damage il may U'come a serious pn>blem. The infection 
seems to start from the soil aTid is proI)abty of bacteriological <)rigin. 
I'lMtn examining (he trunk distiase- darkened an-as were found 
which extended from the base of (he phuit to the ajx^x. Several 
plant ceils which were broken gave off a very disagreeable odor. 
A similar disea.se has been i-epoited from some of the Tjeeward Islands 
and is being studied by the British stations. 

PINEAPPLE INSECTS. 

Mealy bugs, attended by anis, in certain localities are causing »ome 
damag<> to pineapples. The ants i>uild galleries of sand in the crown, 
thus n-tarding the groAvth of (he plant. Resin wash has been advised 
and used with gocHl n'snlts. Urown ants are not causing any serious 
trouble in the iminge gi-oves which are kept in thorough cultivation, 
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hut on u mM;iil tri() llit writer found one grove in which pines woiv 
pluiitcd iM'twccii the n»w>. mid heiv tht- ants were eating tlie yoinig 
foliafrr iif the orunge trcvs, 

COFFEE INSECTS. 

The coffee leiif-niiner (I.europfcni i-oifvfJUi) is causing a consider- 
idde inniilxT of It'iivw t() fall in sonic |)lantations. Tho writer has 
ot»serw<l hjiots wlicre the lI■ee^' weiv almost denuded. The parasites do 
not seem lo Iw Imlding the insects in check, as they were rejmrted as 
doing in llie previous rcjKirt. 

The cotrcc leaf-weevil {Luchiiiipnx sp.) has l)een sent to the station 
from i)hintations in the neighliorhood of Arecibo. The adult insect 
fwils upon the h-aves. reducing the leaf surface at the time when the 
fruit is setting. Hand picking is practiced with apparent success. 
This work is usually done by women and boys, ri'ceiving so much per 
quart for picking. 

li'tjii liiiiriiiii Hn<l /".'/" 'vm are used extensively as coffee shade. 
On a ivcent trip into the mountains we found that many of these 
tn'es are killed (especially in certain an'as) by a very .small boring 
iK-etle iXi/MioniK sp.). which is similar to the one that infests the 
ciK-ounut i)alm. <)u examining tlie wood, we found it was literally 
honeyooiulH'd. This Insect is iieing slu<iied. and until more is known 
conceruing its life history we are reconunending the washing of the 
trunks with whitewash and carbolic acid. This mixture has been 
used sucwssfully as an expellant. 

SnOAB-CANE PESTS. 

The diseases and insects of sugar cane ai-e not causing the planters 
any serious trouble. 'Hu-rc ai-e. however, a number of Ixtrers which 
will m the fuluiv cause serious trouble, as cane is being planted on 
the same laud year after year. 'I'his constant planting tends to 
inei-ease disease. Kxperimeuls are now under way to detennine the 
iH-st methods fiu- combaiing these insects. The insect that is causing 
the iiiost damage to cane is the large iKii-er. Dliitrmt mvcharalis. In 
planting new fields of cane planters are advised to soak their seed 
for twenty-four hours in lime water in onlcr (o kill all borers they 
umy contaui. Some extrllent results have been obtained by this 
method in ivdncing the nnml)er of insects, even on land that has 
aln>ady l>een infested. The canes thai are to be planted are placed 
in a tub or tank, water turned <m. and several shovels of lime thrown 
on top. This IS allowed to stand twentv-four hours, when the canes 
are taken out and planted. Xot only is the boi-er destroyed, but in 
comparative e.fix-riments made at the statiop seed so treated sprouted 
(inicker ami the numlier of spronts sent up was greata-. 



BXPORT OF THE COFFEE EXPERT. 

Hy J. W. \an Leenhofk. 

There is an improved condition among ihe ooffei; growers ai fw as 
,)riKlii(-lion is coiicvrned. This \\hs come olKiiit by ii'covery from the 
■usiilts of the s(.'v<'r« storni of 1800 and also from lim fuct that better 
npthods of tilhtgc are being followed on many plantations. Then' 
IS a very heavy crop on the ti-ees in nearly all sections of the island 
tills year which will materially help the coffee planters. Prices iv- 
tiiain alwut ststiunary, and most of the product is still sold in France, 
Spain, and Cuba. Although elToits are continually ix'tng made to 
MiHuence the American taste to the liking of Porto Rican coffee very 
little progi-ess has been attained. 

EZPEBIMEHTAL FLANTIKOS. 

The work of iho ex|>eri mental tracts, except for the beginning of 
grafting in Ihe new coffee and for .some fertilizer experiments in 
both the old and new coffee, has been restricted to the care of the 
plantings in accordance with experiments outlined in jirevions re- 
ports (PI. Ill, fig, 1). Some few varieties from other countries 
have been added to the collection. Through the kindness of Mr. 
Sloy, French con.-iul to Porto Rico, the French Governmont has sent 
the station a collection of coffee plants from the colonial agricultural 
estaWishment at Nogeut-snr-Marne, which is of great interest and 
pr-obable value in the work. There have also been received from 
Jlr. (ieorge Loutrel Lucas, of Jamaica, .some seeds of the famous 
Blue Mountain coffee of that i.sland. These, added to the Javas and 
other coffees previously received, make a very interesting collection 
of the best coffees of the world. The Philippine and Hawaiian 
coffees that have come into bearing are no doubt similar in flavor to 
the Porto Rican coffee and seem to have no advantage over it. Cey- 
lon coffees that have ripened are sujierior in flijvor, and from trials 
made in the cup it is probable they will be a valuable introduction in 
our coffee plantations. 

The object of securing the best coffees from various countries of 
tile world is not for the purpose of having a large collection of varie- 
ties, but for the purpose of testing these with a view of growing 
those coffees that bring the highest prices in the markets of the world. 
The soil, altitude, and climate of Porto Rico seem to be well adapted 
to the growing of coffee, and as far as our experiments indicate, 
ihei-e seems no reason why Porto Rico can not grow the very finest 
lierries, not only in point of appearance, but in flavor and aroma. 
Tf after testing these varieties they are found inferior to the native 
coffee, they will be discarded and destroyed. If, on the contrary, 
(29) '^ " '-^ - 
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they prow KiiiM-rioi- t<i llif coffw ulivudy intm» in tlie island, it is 
the |iiii|MiM' of rlic cxiHTinii'iit sditioii to distribute llu-in iis rapidly 
lis |M>ssililc iiirioiiK "ur pliintfr>. witii n view to llu'ir curly iiitni- 
ilmiioii iit ii ioiiiiinT<i:d way. If Porto Rifi» coffees bring 10 ceiit> 
(MT jHiiind ill (be umi-kfts tiiid otlicr coffees l>riiig :^() rents, tben the 
lii'st duty i> to leani tiie serrel <if tbe better production and follow 
it as quickly us possilile. If tbe market demands a certain fiavor 
and will pay liie bi^du-l prices for tbe berries that carry it. then we 
slioui.l. above evervtbiufr else, produce tbal coffee. 

While s«-ekinc to' produce eoff«-e of tbe bifrbest <]iiality. effort slioid<l 
also Ih- made to increase tbe yields, Tbe iivenifre production |>er 
tm- aiul |.er aeiv is fur below' that of some otber coffee- imxhicin}; 
eoiititries. (1*1. Ml. hi;. 2.) Tbe [■easi.n iur this lies priniiirilv in 
llie s.>il. >in>] effort slioiild Ih^ made to remedy tbis defect to tbe'en<t 
that the present pi-oducli<m [m-I' iiidt may at least Im- doubled. With 
this object in view the e-NiM-rimenl station is carrying out a nnniber 
of Miries of ex|M'riiuents in fertilijiinj; eoffcv trees. Various niix- 
tun's of ferlilizei's are U'lnj: employed and in diffeivnt forms; also 
experimenls an- under way iisiufi; pulp from tbe ciiffee milts and also 
in usinj; the deposits of bat finano found in many of tbe eavess in 
I'orto liico, .\. jurmb.'i' of |)bins have U-en outlined for differenl 
j)lanlers foi' carryiiif; out fertilizer experiments for IbemselveK. 
Some of these an' comjii-risoTis of eommereial fertilizers with a home- 
uuide fertilizer, ina.le of bat ■ruano and potash salts. Some of tbe 
jrminos found in the caves nm from -2 to :i per cent and over in nitro- 
{P'li and HI pel' i-ent in phosphoric acid. AVith the addition of polasli 
these nuike complete fertilisers that are richer in tbe elements of fer- 
tility than some of tbe eommereial fertilizei-s sold on the island. On 
many of the plantations these bat jruano.s aiv fountl midy at band. 

Coffee blosMinis in I'orlo Ki<'<) al different pei'iods. amirding to 
altitude and loeidity. On the n,u-lb side of tbe i-entral i-ange of 
nmunlains. which runs fi'om east to west and south of tbe middle 
line of tbe island, coffee blossoms a month or more earlier. The 
period on the exjH'riment station tract ranges from February to 
May. cnnsistMif: of .me principal blossoming and followed bv" one 
or more smaller blossomings. Tbe principal blossoming decides 
whether we shall have a good, avei'age. or poor crop. About seven 
months after tbe blossominfr the Iwrries ripen. The bai'vest begins 
m SeptemlH.r and lasts nntil .lannary. during which time about 
ten pickings, at intervals, are made. ■ 

MALTING OF COFFEE. 

Tbe harvest tiim. of coffee in l'.,r.o liico falls in the rainv season. 
.ScptemlM-r l« !),.■,.„. I H-r. and several of the smaller planteM^K-laoking 
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Mill. When the sun does shine during several days in snccossion, ns 
often happens during tlie rainy season, the wet cotTee begins to sprout, 
and through lack of proper handling rots, developing a very bad 
smell. With a view of determining hoiv long wet coffee could lie 
kept without damage to quality and also to determine if the sprouting 
(iroccss influenced the flavor, the following experiments were made: 

December 30, 1905, fermented and recently washed coffee in (he 
imrchment skin was put in a' heap on a cement floor in a basement 
very much rcHembling a malt cellar. The heap was turned daily, 

January 23, li>00, the first grains began to sprout, and the heap was 
-l)read out about a foot deep and turned daily. 

February 211, 1900, all the grains had sprouted, and the spi-oufci had 
iibout the same length as the length of the grain. The whole was now 
<h'ied in the ordinary way and hulled. 

During the sprouting process, and before turning, the upper layer, 
l>aving become dry, was sprayed with water of ordinary tein{>erature. 
The sprouting process was very irregular, and as soon as some grains 
had developed sprouts of the length of the grain, these were taken 
out and dried. Not the least bad smell was observed during the 
whole process, lasting fifty-six days. 

Of the coffee prepared thus samples were sent to different con- 
snmers, roasters, and dealers, and their opinion requested. Messrs. 
F. A. Cauchois & Co., of New York, wrote as follows : " Your 4-pound 
sample of coffee was received to-day, and 1 roasted part of it and 
found it a Gne-lookingand nice-tasting coffee." Dr. Walter II. Evans 
wrote: '"I received some time ago a sample of malted coffee. We 
have tried this and like it very much." And later, " Those of us who 
have fried the coffee like the improved flavor very much," Other 
recipients compiunicated verbally and made similar statements. To 
the writer personally it seemed that the flavor of the coffee prepared 
thus was finer, and that the bitter taste so much complained of had 
disappeared. 

The result of the experiment can be regarded as favorable, as it 
seems to prove that coffee can be kept in a wet state and allowed to 
sprout for about two months without damaging the quality. It is 
to be regretted that lack of instruments did not permit observations 
of temperature and weights and mechanical and chemical changes. 
I would recommend that the experiment be repeated with all neces- 
sary facilities for observations and comparisons. 

DISEASES Ain> INSECT FEBTa 

Ijeaf weevils (family Otiorhynchida') continue to do considerable 
damage, and are most abundant in the neighlxtrhood of higiierillo 
trees (Vi'tt'x (lii-arifiitn). It seems that they breed with preference 
on those giant trees, from which they occasionally drop on the coffee 



(Standing iindernpalh, caiisinj; ti ciii'lc iif destroyed cotTet; tiiH-s ui-oiunl 
the higuerillo. 

Leaf-miners (Leueoptera vo ff eella) ,a\tiiowgh plentiful, do not seem 
to be so abundant as last year. Experiments with sidphiir mixed 
with the soil around the roots did not give any result at all. Hand 
picking had to be abandoned, but the observation of laet year thai 
the better the soil the less tlie plant suffei-s from attacks of tlie leaf 
miner was made use of this year (o try fertilizers. A field of heavih 
attacked ti-ees of a neighboring plantation was selected. It contained 
r)84 three-year-old trees with hardly a leaf left on (hem, those that 
were left being filled with the leaf-miner. The whole field presented 
ii barren aspect. Between JanuatT 29 and February 1 tlie trees were 
fertilized as follows: 

FertiUtfT experiment ayaiimt coffee bvf-iiihier. 
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Before the applitation the ground was hoed for about 2 feet around 
the trunk of the tiee and the stable manuie and Loffee pulp worked 
m The fertilizers weie used as a top dressing On March 13 fol- 
lowing 1 ounce of nitrate of .soda was again given to each tree. 

At the time of writing all the trees had entirely recuperated and 
had blossomed well, but it remains to be seen whether they will with- 
stand the leaf-miner attacks until harvest. 

A fungus disease was observed attacking coffee l>errjes and appar- 
ently passing through the parchment, causing circular perforations, 
into the grain, in which it produced warty excrescences, rendering it 
valueless. The disease occurred on trees in the shade as well as on 
those without shade, those attacked suffering severely. On healthy 
trees the disease was not observed. The diseased spot on fresh berries 
under the magnifying glass showed distinct fungus growths, white 
threads, and some mushroom forms of a yellowish color very much 
like the Stilhum favidum. The disease on the parchment and grains 
was observed in former yeai's, but not in such abundance. After the 
blossoms of this year had fallen off, the trees observed last year to be 
attacked by the disease were sprayed with Bordeaux mixture, three 
sprayings being given at intervals of two weeks. Up to the present 
time no disease has been noticed on the sprayed trees, 
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Platb I. Fig. 1. — Pnanner i»ffee iilanted aitonlinj; ti> East Indian infthixl. 

FiK. y.— Tyjiii-dl ■r.fCet; plaiitatii.il in interi^ir.iE I'orlo Riro 10 

n. Fig. 1, — Tiilwvr* growing uihIlt clieeHe-i-loUi whade near Cayey. 

Fig- 2.— Typical I'orlo Hioaii wind-HH'e|)t orange orchard IG 

III. Big. I. — TemiKirary wind-break of lianaiiaK. Fig. 2. ^Permanent 
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ANM'AL REPORT OF THE WRTO RICO AGRICli.- 
TURAL EXPERIMENT STATION FOR lOiiT 

SUHHABY OF UrTESTIGATIONS. 

By II. \V. Jl.vv. .V)",i.if .\u'i" ill Cliuru-. 
INTBODUCTION. 

Thf fiscal year llM)C-7 luis (h-cii ii pio^poi.His oiif for I'orUi Ri.-<>. in 
iifrriiiiitiirn! liiifst'spcoiully. Tlu'ldliil import ami i'X|Hirt Iradcof tin* 
islaiul f..r tile year was $45.00{).()<)0. The .-xpi.rts iiulmi.-a in (his sum 
totaltil *-i:!,iirt7.530. This ippicseiits iip-i''iltiii-«l pnxIiK-c. very lnrfp-ly 
ill It raw stato. The expoiis uf the ishiixl show ii )ar^' unmiul iii- 
cri-as*' wine*' the year 1!K)1, the ex|><trts that year afjt;rcpitiii(i $»*,r>!H;t,- 
!)«". The tdtal sum for the year I'.IOtl of l«.tii exports itii<l imimrls and 
iif each separately agffi-egate ahiiost dniihle tlie aiiioiint of any year in 
the previous history of the ishinii. As many of the U<a<liiif; aurieiiltnral 
resonires of I'orto Rico, like the cilnis industry, are cmly Ijecinninjr. 
an liUTi-aM' in ugricnilnral pioiluction may lie ex]>e<'teil to eonliniie 
for years to come unless some very nntowan! calamity occurs. 

The jK'0))le of I'orto liicti an- stmiyinfi as never iM'foiv the n'sonrces 
of their country and the possiliiliiies of the soil and cliniute. Credit 
must also Im- given to the many |)hinlers from ihe States who aiv in- 
vesting th<'ir means and building home^ in Porlo Rico. The increase 
in land values is caused liy ihe incn'ase<l values pn«hii-ed Ity our soils 
nnder the improved meth.uls that an- U-ing followed. I'ortii Ri<-«i is 
at the dixir of the markets of the iargi' cities <if the eastern Diiited 
States, the U-st market in Ihe world, wiiii a low fn'ight rate and no 
duty to pay. Her prosperity then >houlil dejH'iid nixm her own efforts 
anil !«' measured by her industry. 

The striking difference in the new agriiiillure of I'orto Rico is the 
diversity of her crops. In the times of .S|)ain ctiffee an<l sugar wen- the 
great staples, while no effort was maile to gn>w even articles of uni- 
versal need that were easily a<la)fted to tlie soil and climate. Thist is 
still in evidence, as shown hy the enormous imixirtation of rice, a.s well 
as many of the common vegt'taliles. However, some ^rlich-s that wen* 
im|Kirts are now in the list of exiKiris and the niimU-r will U- further 
increased. 
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8 POaTO BICO AGRICULTURAL EXPERIMENT STATION. 

Besides a continuation of the work of the agricultural experiment- 
station previously reported, several new lines have beSn planned and^ 
put into effect. This has been made possible by the Congress of the 
ignited States providing iidditioniil funds for maintenance, which for 
the coming year amount to $0,000. Out of this sum a chemical labora- 
tory is being fitted up and a chemist and assistant chemist have been 
employed. It is hoped also to add a plant pathologist to the staff, per- 
mitting the entomologist to devote all his time to that subject. 

The present gi-eatest need of the station is a suitable building for 
carrying on the work of its various departments. Heretofore an aban- 
dom>d sugar mill that stood on the plantation when purchased for the 
use of the station has been employed for this purpose, but it is ivhoUj 
unsuited to tlie reipiiivments. A modern building situated on higher 
ground, with a system of ventilation and adapted to bacteriological 
and chemical work, is much needed. In fact, it is absolutely required 
Ix'fim' certain work now neces,sary can be carried further. 

During the year H. C. Ilenrieksen. horticuUurist of the station, re- 
signeil to enter other service. He was succeeded by M. J. lorns, 
Ph. I>.. »)f ('i>rnell T'niversity. Dr. Oscar Loew, formerly connected 
with the r. S. Department of Agriculture and lately with the Im- 
perial University of Tokio, Japan, was appointed chemist. P. L 
Gile, A. B., of Harvard University, was appointed assistant chemist 
The experimental work of the station, which will be reported under ■ 
separate heads and by the different departments, has been increased 
nnil exlended. The tree fruits planted soon after the station was 
fslablished are <-oniing into bearing, and a number of these have l>een 
found i-onuuerciaily adapted to Porto Kico. In the agricultural de- 
vi-iopmeiit of the island certain cmps have increased enormously, 
wliilc othei-s that have Ih-cu found .successful in an experimental way 
are U'ing taken up.commeirialiy l>y various plantei-s in diffei-ent sec- 
lions of the island. 

SUGAR CANE. 

Of the exports of Porto Rico, sugar is largely in the lead, aggre- 
gatuig during the fi.scal year, $14,738,572. This is over $.5,000,000 in 
e.Kcess of all other export.s. The area devoted to sugar cane will 
doubtles.s increase somewhat for several years. The production per 
aci-e. however, is likely to show a considerable increase: This is by 
rea.son of the fact that not only are Wtter methods of cultivation 
iK'mg practiced, but canes carrying a higher iKurentage of sucrose in 
tlie jnice are being planted. The experiment .station has a number of 
seedlmg canes m the exi>erimental plats which contain from U per 
-<;nt to 1!) per a-nt of sucn>se in the juice. The average per.vntage 
of cane now grown in Porto Uico i. ,„uch Udow this, possiblv aver- 
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a}rin|» aroimil 10 per cent. Tln'se seedliiif; cnnfts are being sent out 
from tiiiif to tinif to ditfeifiit plmiters i>v<'r tlie islam] for trial. 
Some are found best a(]aj>Ieil to certain set-tions, wKile others seem 
superior mi other soils or under diffen'nt climatic conditions. The 
breeding of new ciines is pnivinf; of givat iM'iiefit tn the island. Not 
only is tiie yield of Mi^r (ireutly increased by some of the new 
varieties, hut their genera! thriftiness is greater and re.sistance to 
disea.se stronger. The largest sngiir company on the island ha.-* re- 
cently employed two men to work in crto|)eration with the station in 
the bri-eding and disseminating of new canes. 

In experiments in fertilizing cane at the station the ;rreai lack seems 
to Ik' in the nitrogen content of the soil. With heavy rains and burn- 
ing Sim nitrogen is rapi<lly eliminnte<! from the Helds. On the other 
luind. various legnmes Oonrish in Porto Itico and nitrogi'n can doubt- 
less l)e grown even in cimnection with cont innons cane cnlt lire. Owing 
to the profitableness <)f the sugar cane. I'orto Hican planters employ 
every means to take this crop year after year from the same hind. \s 
nitrogen is by far the most exi>ensive element of the fertilizer and 
appaivntly the one most iieede<l. cxixriinents are U'ing ciirrieil out 
with a view of demonstrating the feasibility <if siip|)ly)i]g this element 
in the cane fields by the growing of legimiinous crops lietween the 
rows. Of the iegunies being tested, the cow|X'a ami the sword Iwan 
aiv the most promising, but several yearsexperinietiling will i)e necvs- 
Siiry to determine tJie value of the sy.steni of growing these croj>s on 
the same ground with i-iine. The c<)W])ea will nialun- in seventy <layH, 
st( that a crop can tie readily grown between the rows after planting 
the cane and again after the last plowing. 

K.\perinienls with distances of planting in cane prcHluction are 
being carried on for the purpose of determining the meth<Hl that will 
give the m()sl cane [ler a<'re at the least cost of production. The ii.iual 
practice in the island is to plant very close. .') by fi ftvt. The station 'h 
experiments have be<'n curried on with hill planting .'» by 'i feet up to 
lU by 10 fi>et. and also in continuous rows. For tlie lirst crop tlie 
narrow planting has given the heaviest yield. As imly one crop ban 
been harvested from thesi- plats, figun-s on the ralloon crops can not 
be given, but the indications are tliat tiie differences in yiehl will be 
less between the wiile and narrow plantings on the si-cond crop. Am 
the cane is an inlensive crop it .seems advi.sable to grow as much us 
possible each yem- on the .same area, .snjtplying the drafts on the ttoil 
by the application of suitable fertilizers, and avoid thereby the 
nece^ity of leaving the lands idle for a series of years to recuperate. 
In proportion to the development above ground the root system of the 
cune plant is not extensive, therefon' very heavy tonnage can be taken 
from a small area. Our cane growers can derive great benefit from 
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10 PORTO RICO AdKICULTURAI- KXPEBIMENT STATION, 

thorough pref>iiration of the soil In-foiv ptaiitirig. Afrriciiftiiiv 
Porto Rico has only skiniined Mie surface, plowiiijr being very shalli 
and often with only a wnodeii plow. Some of tlw* liirge sngar eo 
panies have pnt in Mieani plowM, wliioli jire going to ;i depth of 8 inchi- 
or more. This is found a very profitable practice, giving large profii- 
for the cost of the work. .Vfter tiie canes are phinted more thorongli 
cultivation of the surface should be given than is usually practical. 
A great deal of hand labor should be supplantetl with the cultiviitur 
for reasons of economy. 

In planting cane it is a better practice to open furrows with the 
plow, it l)eing less expensive than cutting holes with spades, as i- 
u.sually done. Moreover, by this method the ground is stirred to a 
greater depth and a larger surface is pulverized. From preliminarv 
experiments at the station continuous rows have given larger yields 
than the same number of canes planted in squares. In planting iti 
rows canes were stuck in the gii>und on end, as is the usual custom. 
The Hawaiian system of planting the canes in lines covered entirely 
with earth has also been followed. This is a letter practice wheii' 
the ciianga, or mole cricket, is not too bad. Where this insect is preva- 
lent, however, the yonng seedlings are liable to l)e cut off when they 
break through the ground. If the canes are planted entirely below 
the surface, the yonng seedlings will doubtless get more nonrishmenii 
from them than when planted on end. Again, when planted on end 
the ants carry off considerable of the juice of tiie cutting and some o(. 
it is lost by drying out and rotting above the ground. From the one 
crop of plant cane the Hawaiian system gave more tonnage than tlu' 
similar plats planted in the mitive fashion, although by the former 
method a small portion had to be replanted because of the ravages 
of the changa. 

Fertilizing canes in Porto Kico will pay in nearly all cases but. 
owing to the variations in the soil, it is impos.sible to give any def- 
inite plan. The fertilizer should be applied early, and it is especially 
advisable to start the canes off with a i-eadily available fertilizer. An 
early start and a strong one means a great deal to the cane plants 
It will make a larger growth and also be able to assimilate more 
of the elements already in the soil if it can get a quick start. Furthej' 
details of fertilizing are to Ih' found in Circular No. 6 of this station, 
recently issued. 

COFFEE. 

The exports of coffee from Porto Rico for the fiscal year aggre- 
gated $3,i96,08'2. Of this amount the United States purchased only 
a little over 1 per cent. While practically all of the sugar went to 
the United States comparatively little of the coffee was sent there. 
This is for two reasons: (1) The duty on sugar makes the United 
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Stule» its imlural murket. aiui {-) tlien< is no duty on cotTw, kik) |Iu> 
Vmefican people do not relish the iieculiar flavor of onr variety. 
I'orto Rican coff'ef is n very fine aftiT-diniicr coffw iiuicli it'lished in 
ilic Latin coHntrios of Europe, and niowl of our exiK)rts of cofTw find 
ilicir market there. Efforts have Iwii nimle to inlrnduee I'oilo Hican 
roffee into the Tnited States, hnt so far litth- progH'ss has l>een made 
\n this dii-eclion. It is very hiird to iliiinp- (lie taste of a people. It 
weif better, if such a niaiket is desired, to produce tlie aifl^ee which 
^iheady has an establisheil trade with the Suites and which brin^r^ 
ihe highest price in (hat market. With this in view, llie ex[>erinient 
station is carrying on e.xperinients in (jrowinj; the liigher- priced Java 
idffees, which are highly flavored and (iiinniand the highest priws 
in the States. (PI. I, fig. 1.) From the few Iwrries which have 
matured to date, it seems probable that higldy flavored coffees can 
be grown in Porto Kico and retain tlie aroma peculiar to (hem in 
(he countries from wliich tliey are now ship|H-d. Whether they will 
continue to do so year after year is a nnitter for furdier e\|H>riment. 
More details of the experimental work with coffee are given in the 
report of (he agent and expert in charge (p. I))'). 

Some coffw is being planted in the interior, but the extension of 
ihe industry in the island is very snniU and the outlook is nol encour- 
nging for the future, (PL I. fig. 2.) The enormous pnHluction of 
coffee by Brazil is not very favorable for pricx's of this product in 
Ibe world. From statistics it appears that (here is a gii-at deal of 
coffee on hand in the markets, and while the Bnixilian Government 
is holding a great deal of it with the hoi«" of maintaining (he price, 
unless the world's production is curtailed (he price will Iw lower. 

In some of the old coffee plantations in Poito l£ico orange trees are 
being planted. Others aiv Ijeing cleared out entirely and the land 
devoted to pineapples and tobacco. As a rule, inaccessible lands in 
the interior ai-e being planted to coffee, while the olii plantations, 
especially where they are near the macadami/.CKl roads, art; iHiing 
I'lanted to more remunerative crops, Better jdanting anil cultivation 
would doubtless increase the yield of coffee. Fertilization can also bo 
[irofitably practiced in .some instances, especially where large deposits 
of bat guano are found near by. Xa the iirofits from (his crop are 
Hnall, planters are not inclined to expend mucli in commercial fer- 
tilizer. This Is especially true where the means of transportation 
iire difficult. 

TOBACCO. 

The tobacco crop during the past year was not as successful as that 
<if the preceding year. This was due largely to an unfavorable sea- 
son, resulting in great los.ses in the seed beds, which was followed by 
the setting of inferior plants from any source available. Altogether 
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the entire season was unfavonilik' to the |)rodii('tion of a crop of higii 
quality. However, the extension of this industry is Khown by the 
crop of the comiiif; year. A more detailed n'|»ort on the handling of 
the crop, the curing, and fermentation is given in anotlier section oi' 
this report (p. Hi). 

FIBER CROPS. 

The station is continuing the exiM'riiiients with various til)er crops, 
as described in former reports. From all (ronsifienilions of soil and 
climate si.sal seems to be the most promising. .V great deal of lami 
that is not a<lapted to any other piu'pose is suitable for the production 
of tliis fiber. With an appropriation made by the insular govern- 
ment the station pnrcha.sed 100,000 plants and a number of them 
have since been sold to planters at $1S per thousand. This sum, while 
very low, cover-s the cost of liatidling the plants. It is to be hoped 
that more lands will be set to sisal, especially the dry limestone sec- 
tions that Jire not profitably emjiloyed in growing any other crop. 
The abaca or Manila hemp also glows well on the island, but requires 
a fertile soil such as will grow bananas. The extension of abaciv cul- 
tivation is thei-efore not expected, as land suitable for it can be nion; 
profitably enijdoyed in growing other plants. 

During the year a numlwr of plants of Carludovica have been im- 
ported from Guayaquil, Kcuador, fin- introduction as a hat fiber. It 
is from this plant that the genuine Panama hat is made, and it is onr 
purpose to extend its planting jtuiong our hat weavers. Itesides pro- 
ducing many hats from a native palm, several factories are turning 
out genuine Panama hats, all made, however, from imported fiber. 

COTTON. 

Sea Island e(»lton is produced in some amount in different .section^ 
of the island, but thei-e is little if any increa.se shown over that of thr 
previous year. Porto Rican planters are hard to interest in cotton 
growing. This is due mainly to the fact that they do not understand 
the best methods employed in its culture. The land must Iw fertilized 
for cotton and the plantei- must be i»repared to jitoteet this crop from 
the ravages of in.sects, especially the cotton caterpillar, which some- 
times comes in immense armies. Unle.ss the cotton grower is prepared 
with a good supply of pure Paris green, his crop is liable to be swepi 
away very quickly, 

FORAGE CROPS. 

Guinea and maloj'illo gi-ass continue to yield the forage largely con- 
sumed in the island. Tt is advisable to grow other forage crops that 
are rich in protein in onler to give a moi'e balanced ration. For thi- 
purpose cowpeas and velvet beans have succeeded bi&t(,at>tl]fe:station- 
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.Vifaifii grows, liiit it nniiiiivs ciinslniLl cult i vat ion In kw[) it from 
iHiiig ohokt'd out hv tin- vigimms luitivi' (inisscs. Alfulfii might -siic- 
L wil [(Otter. Iiowever, in tlie drior sw-tioiis of the island, iiolHhly on the 
l.liuk soils on the sonth side, 

FORESTRY. 

'I'hero exist in roilo Uieo. I«'lween the low hinds devoted to siigiir 
nine mid ttie higli lands devote.l lo ciffw, iiiiiiiv foothills liai-e ((f tm-s. 
These lands are not very [»i<Kliietivt'. yielding for the most part si-iuity 
|iastnrage, Miiny of tiiese low-lying hills aiv exn-llent orange lituds. 
They were formerly covered witJi foiests which have U'en utterly <le- 
sfi-oyed. Owing to the heavy rains iind Imking snn it is n difficnit 
niiitter t(» get these lands again, set to trees. In onr ex|H'riments on a 
very tenncions red chiy hill many native and iiifnidneed spmes of 
li-ees have lieen planted. With the exception of s|M'nes of Kneiilyptns 
no satisfiictory growth has been mnde. Of the others the legnminons 
s|-(ecies have done l>ost. 

Xatni-e in reforesting sends nji first a straggling growth of hrnsh. 
which after growing for some years affords a shelter for seedlings of 
larger growth. It ajipears U'st. therefore, in i-eforesting snch ureas 
to grow at fii'st hardy shrulis or trees like the gnava, with a view of 
getting the gronnti covered with a protective croj) iiml later phinting 
it to the more valnahle forest trees, Such a system, however, must 
l<H)k to the fntnn'for returns. As shown in another portion of this 
I'eport, wind-hi-eaks are necessary in the [(nidiiction of <-itrns frnit.s, 
and this is also essential with many other economic trees. Therefore, 
on the l>are, wind-swei>t hills of I'orto llico reforesting with hardy 
trees is essential in liringing them into a (Condition to grow economic: 
ti-ecs and tree fruits, 

FERTILIZERS. 

The soil of Porto Rico is naturally productive, but in many sectionw 
for a long time agriculture has l>een carried out with the object of 
getting continuous crops from the soil without returning anything 
thereto. It is not strange, therefore;, that many of the lands are 
unproductive. However, the soils re.spcmd very readily to applica- 
tions of manures and fertilizers, most of them needing the three ele- 
ments — ^nitrogcn, phosphorus, and potash. The imports of fertili- 
zers for several year.s have greatly increased. The planters are finding 
out the value of proper fertilizers, and they are urged by the experi- 
ment station to apply such in their operations. In hardly any line 
of agricultural endeavor in the island can the greatest success be 
obtained without the application of fertilizers. 

A fertilizer law which will cover the importation and the sale of 
all artificial manures is needed very much. Such a law was passed 
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three years ago liy tin- legishiliuv. Tliis art niiw dnnvii ii]) bv meni- 
bors of (he expiTiim'nt station staff an<I was inn<leU<<l on the Gcorgin 
law. It carricJ an cxpi-iise of '2't iciits jkt Ion for its; eiif<)rfciiH'iit. 
I^rossiLH' was liroiijilit to l«'ai' on the Icfi^islafiiiv at llio siiccci'dinj: 
si'ssion liy c-crtain lurj,'i' inl.'i-csts ami dcalcfs to have fut out tin- 
<-laiis.'proviiliii{rforlli.M-iiforc<-iin-iitof llir law. The act now remains 
a (lead letter and the eoiisiirner is willmiil aileijiiatu protection in Ihe 
l>iirehasc- <.f fertilizers. In vii'W of this f:u't. many of onr planters 
are buying the ingredients and mixing' liieir own goods. Heganlless 
of the fact tiuit Ihey may sometimes buy a mixed fertilizer to ad- 
vantage, they are led lo tlie hitler com-sc l)e<-aiise they have absolutely 
no protection in llie matter. 

. possible the supplies 
many sections of the 
home-made fertilizers 
ley to the plantation 
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years, while Ibe average value in the island has givally inereastnl. 
As agi'icultiiral industries extend ami (he count it becomes more pros- 
perous tlie ilemaiid for animals miturally grows. Some im])rove- 
ments in (he horses by the selection of sires and Iw the im])ortation 
of hi'eeiling stock froin the S(a(es are no(ed. Horses with (hie eaiv 
can be accllnuiteil, and (lie T'orto Kican horse aihipts itself very 
readily to improvement by crossing with tlie lighter types of liorse.s 
from the States, as the standard-bred oi' the Anieriean saddle-bred 
iior.se. The native horse is one of great stamina and some an' 
quite handsome. They should, however, be bird foi' greater size. 
The average priir of horses in I'orlo Itico has more than donbled 
ill the past few years. Some planlers are going in for horsi' and mule 
breeding witii eveiT as.snrance of success. A great many mules have 
been imported into the island during the year for working in the 
cane and tobacco plantations. Also some jacks and jennets for breed- 
ing purposes. Mules are well ada])led to the w(H-k in Porto Rico and 
stand the elinmte very well. 

cattle: 
Formerly large numbers of cattle were exported, principally lo 
Cuba for work in the cane fields. This trade has fallen off to less 
tlian half since liX)l, The consumption of meat on the island has 
doubtless grown with Ihe increased pnisijerity, and the extension nf 
the sugar-cane planting has taken a great many eattle for working 
purposes. In Porto Rico cattle are considered first as beasts of bur- 
den, and they have been selected and bred with the object of produ- 
cing work animals. Xow nniles are supplanting cuttle to a certain 



PORTO RHO A(!RirL'LTrBAI, KXPERIMENT STATION. 15 

I'Xioitt, while iiieut iinil milk piixliK'ts luivi' iin'ivasivl in viiIih'. To 
li<.>l|) supply the Intter products (■old-stornge iiu'itts itiid liitiiod milk, 
,iri«iii. and Initter aiv impurtpd from tlu' Stiitcs. I'.irtii Itinni cullle 
liavc a splendid pliysiqiic, and bv seiwl iufr mid lin'i'diiif; willi a 

■ kliiiili' cml ill view doiilittess emliei- maliirity coidd Ik- ulitaiiicd luiil 
ilio milking function gn'iitly iui-rt'asiHl. Il is a (jiicslioit wln-tluT il 
i-lK'Ht for a planter to iiujmiv!' his cattle liy caivfiil wU-i'liiin of iiiilivc 
-lock <ir hy the importiilion of improved bifeds. If the tick fever 
rH'ciirs on the island it is in a mild form and cattle can lN-eonie aecli- 
iiiiited wtthont severe losses where dne i-are is i>ra('lic('<l. On the other 
Imnd, the ticks are very fond of the longhaired imported cuttle, and 
it takes constant and nnreniittinfj; cure tn keep these insects from 
-iickin{» the blood to sncli an extent iis to pnidnce an einacialeil con- 
dition in snch aninnils. If jinre-bred cattle aiv brought into the 
i^land the importer shonid be prf|nired to ^'ive tliein the very In-st of 
feed and attention and to keep iheni at nil times ciiin|>iirativcly free 
from ticks. Unless the im|>orter is prejmivd to jjive imported cattle 
;.'(iik1 stabling, feed, and water, and firoominfj and clean in;; from licks. 
iie had better not brinf; them lo Porto Kien. 

Herds can probably U- impi-oved in the safest way by the im- 
portation of bulls for crossing on native cows. There are a numlM'r 

■ d' iTossbred animals on the ishiml that show imjtroved fonnation and 
probably earlier maturity by I'easou of the cross. 

PIGS AND POULTRY. 

Improved breeds of pifpj bn>Lifiht into the island have done well 
where they have received |no|K'r cnie. Disease is very rare among 
tiiis class of live stock in Porto Kicu. The inetho.1 of handlinjr tlies^- 
iinimals in the island is cajjablc <if ninch iin|>r(ivement. 'I'hey are 
usually staked out near the dwelling of the owner and their feeii is in- 
sufficient. Pigs more than any other class of domestic animals thrive 
U'st with a variety of food and especially requiit' grass. With fenc'ed 
lots and at large pigs will thrive much better than where confined 
ivith ropes. 

The prices of poultry and eggs have been on the increase in Porto 
Hico during the past year. All classes of poultry stand in need of 
improvement by the importation of the better producing breeds. 
Poultry will thrive in all secti^ms of the i.sland with due care, but 
:^honld be allowed freedom of range, should not be crowded, and 
should have some feed when grown in any numbers. 

No serious epidemic diseases have l>een noted at the experiment 
station with chickens. duck.s. geese, and turkeys. A disease producing 
lumps on the comb and at the base of the bill on chickens has lieen 
noticed, This seems to be a bacterial growth. Washing the heads of 
the fowls with a saturated solution of lioracic acid gave relief. 



REPORT OF THE PHYSIOLOGIST. 



PERHENTATZON' OF TOBACCO. 



Curing," aa well ns fermentation, is nut wi> carefully condiicfei! in 
Porto Rico us in the Ignited States. Tlie iiijrli tenijjerature prevailin;: 
in Porto Rico, even until late in imtumn, enhances, of course, the 
chemical changes characteristic of these operations. The fermenta- 
tion in bulk is sometimes carried out in open houses without any 
steam jets and other contrivances found, for example, in the Florida 
fermenting houses. In one case observed in Mayaguez the tempera- 
ture of the bulks reachetl only 44.'>° C. when the bulks were repiled. 
In Florida, however, the bulks are taken apart and built up again 
when tlie temperature has reached 5.5° or 50° C, or about 1Z'2° F. 
This building up of the bidk is done five to six and even eight times. 
Thus the eggs of certain snuill lieetles are killed before they can de- 
vel()p the insects which often damage the manufactured cigar. 

There is no doubt that the so-<'nlIed after-fermentation of tobacco 
proceeds much more energetically in the continuously warm climate 
of Porto Rico than in the 1 'nited States. Hence, it seems unnecessjiry 
in case of the main fermentation to turn over the bulks of tobacco 
quite so often as in the States. The temperature of .'JS" or 50° C. 
should, however, be reached in each bulk the first time. 

Mr, L. Du Bois, field manager <)f a large tobacco company, has 
carried on selection experiments with tobacco for several years. He 
mentioned to the writer the interesting fact that at one time a lot of 
tobacco selected from Porto Rico seed did not flower for two years 
and continued growth and development of leaves until a height of 14 
feet was reached. The plants were afterwards htst by accident. 

DISEASES OF TOBACCO. 

As to diseases of tobacco. Mr. Hairison Johnson, a tobacco grower 
of Caguas, stated that in bis opinion the various troubles observed 
in the United States occur more or less in Porto Rico. The mosaic 
disease or calico, however, seems not to occur generally. Mr. Du Boi.s. 
of Caguas, with many years of experience, also stated that mosaic 
disease was never observed on his plantation. But this disease has 

"The enrtiiK hams arc iibuhIIj- eM'eefUnirly primitive Jiuts. 
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iiitHrkct! tobacco plniils ncai- tlie fxi»eriitieiit sttttiiiii. The wilt dia- 
ijisc WHS observed only once, according to Mr. Du Bois. He also 
iiicntiojied u trouble observed witli the tobiicco of ii cfrltiiii section 
iif tlie Aibonito district. This tobacco, several weeks after its fer- 
iiicntiition, acquires such a disagreeable odor that it Ih-couh's worlli- 
lisw. Some of this tobacco was pnx-nn'd through Mr. Frese, in 
1 i large of the tobacco depots in San Juan. The odor was moldy »r 
[iiirsty, the veins were covered here and there with a white mass, and 
iiiHiiy of the stems were so rotten that they easily bi-oke into frng- 
iiicnts on being handled. The mion>scopicn i examination reveahnl 
nil fungus mycelium, but numerous bacteria, especially cocci, as well 
;is yeast -like cells, belonging probably to a kind of Torula. This dls- 
I'jise resembles pole-burn. Various hypotheses ns to the peculiar in- 
I'linntion of the tobacco of this district to the disease might be sug- 
jri'sted, but without further examination it would U' useless. Cotton- 
-vod meal had been applietl as fertilizer for a ninnher of years on the 
affected fields. 

.\ peculiar disease, spreading from a cenlcr in ring-like progression. 
«iis observed in the tobacco seed beds <if (.'agnas. Thi' circle of dead, 
'hieached seedlings increased continuously and could Ih- checked only 
l\v removing the soil to some depth and treating the spot with diluted 
formaldehyde (1 spoonful to 30 gallons of water). The disease is 
liilled " sancochado '' in Porto Rico. On uiicrosoopical examination 
iu> mycelium of fungi was discovered, but numerouff very lively 
nematodes were found which doubtless cause the disease." Mr. I)ii 
Hois has introduced a new system for avoiding the diseases of the 
>ee(l bed, by transplanting the young seedlings into a second seed bed 
bi'fore they are set in the field. Xo top-dressing with nitrate is 
carried on. 

The tobacco flea-lwetle and the ehanga are considered the worst 
enemies of tobacco in Porto Rico. Most of the other insect pests of 
1 lie field, especially the dangerous " cutworm," hk avoide<l in growing 
llie tobacco under cheese-cloth. (PI. IT, fig. 1.) 

The tobacco of Porto Rico after fermenting is baled, and the 
iiiinierous bales are then stored above and Inside each other, resulting 
ill a sort of after- fermentation in bulk. Since this may finally lead 
lo loss of aroma by the fermentation going too far, the bales of to- 
bacco are now also made up in some establishments in leaves of the 
royal palm (piraguas) instead of in the porous burlap, which admits 
loo much air. The baled tobacco in a warehouse in San Juan showed 
last year much damage by mold fun^. It may also be mentioned 

" Mr. Tower, eatomolngiRt of the station, liBs also observed tobacco plants in 
full development near this atatloa killed by nematodes. The roots Bbowed manf 
'ind irregular swelllags. 
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tlmt according In Mr. Dii Bois the. wrapper leaves grown under 
cheese-cloth when held toward the light often show green spots after 
the fermentation. This trouble will \k examined as soon as occasion 
offers. 

BOTES ON THE AVOCADO FRUIT. 

The avocaiio or agnacate is the pear-shaped fruit of several kind-^ 
of Persea, a tr^e of Central and South America. This fruit, weigh 
ing from 300 to 400 grams, has a green to yellow skin, measures 10 t(i 
11 centimeters in length, has a verj- large and globular kernel of .5.:. 
centimeters in diameter and a soft flesh of butt*r-like consistency sur- 
rounding the kernel to a thickness of 1.4 to 1.0 centimeters. Thi> 
kernel, weighing from 90 to 95 grams, contains starch and oil, also 
some tannin; a freshly cut surface rapidly a-ssnmes a red color in con- 
tact with the air, probably on account, of an oxidation of a peculiar 
compound. The seed is rather hard, but when boiled it softens ami 
is then said to be readily eaten by hogs. The taste of the kernel re- 
sembles that of the horse chestnut. There is no flavor and hardly any 
taste to this part of the fruit. 

The flesh shows on microscopical examination numerous oil dn>p- 
lets in the cells, while starcli granules are al>sent, at least in the 
ripened state. Carbohydrates are represented by small amoimts of 
cane sugar, invert sugar, and slimy substance. The oil obtained on 
extraction with ether proves to be of superior quality and might rival 
olive oil, should it be present in large amount and cheaply obtainable. 
Simple presiure would yield only a part of it, and this is rendered im- 
practicable on account of the slimy substance present. Extraction 
with bisulphid of carbon might be too expensive in consideration of 
the rather low percentage, and a simple heating or frying process ; 
would impair the fine quality. 

Many valuable data in regard to varieties of avocado, its culture. 
cost of production, etc, have been published by the U. S. Department 
of Agriculture," According to some chemical data published by the 
Department the flesh of the fruit contains 1 to 2.2 per cent protein 
and 10 to 17 per cent oil. 

The fruit would no doubt find a market in the States if it would 
keep. Repeated shipments to Jv'ew York have proved failures on 
account of decay of the fruits, believed to be caused by injuries to the 
skin, permitting the entrance of fungi. According to our own obser- 
vations, however, every fruit, even with healthy uninjured skin and 
stem still attached, will gradually decay; that is, the skin will become 
brown and the flesh soft and sour. This process is analogous to the 
brown, mushy change often observed with certain varieties of pears. 
, It commences at the core and proceeds outward until the entire fruit 

• U. S. Dept. Agr., Bureau of Plant ladustry Bui. 77. 
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Iiii> s<)fteiu'(l iiml l«'c<>iii(' bnnvii. It in due to tlio dyiiifj off of the 
(vlls, caused either by insiifficieiicy of oxygen or acciiiiniUtmn of car- 
lioii dioxid in the cells, wheri'iii)oii soiiu' enzyins stored op in the pro- 
toplasm of the cells become lilnrateil and act ujwii compounds dis- 
Milved in the cell sap. The dying off of the cells iiutiirnlly causes 
]\n: loss of turgor; consequently, a softening of the fruit is the con- 
iiiinitant of its death. 

\ Hi>ecial exj>eriment was made in regard to this mushy change* 
(if the avocado fruit. Perfectly healthy fruits without any injury 
mill with the stem still attached were selecltKi and kept at 3.5° to 
40' C. in a thermostat. After four days the skin connnenced to luru 
lirown, after two days more the fruit was soft and the skin had l>egun 
Ui shrink. Two days later the entire skin was deep brown and 
Jiiiwed considerable and irregular shrinkage. On oi>eniiig the fruit 
irownish coloration, » iK'cuIiar, but not disagreeable odor, ii sour 
ri'iiction and taste, and some decreasu of the slimy character of the 
(l<'sh was noticed. Neither microbes nor mycelium were observable 
iji the softened mass. Not even the most careful packing proposed 
vill stop these changes, but cooling with ice will retard them. 

" TblB coiidltiou til iiears la MuuieliDies IltuimI Ouugliy ; In (luriuau It Id OHlled 

tulglgwerden." 
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REPORT OF THE HORTICUITTTRIST. 

By M. J. loKNR. 
INTKODTTCTION. 

Ak noted in former I'eports most of the work in flie horticnlturiil 
department will require several years to obtain definite resiiltK, Such 
being the case, the work for the past year has been, in a large measure, 
a continuation of the work of the preceding year. 

As preliminary to contemplated research work a careful study of 
the horticultural conditions of the island was necessary in order th;it 
the new work planned might be of practical benefit to the fruit 
growei-s as well as of scientific \'alue. With this object in view, ;i 
number of trips were made to the various fruit-growing sections 
many of the plantations visited and, as far as possible, the condition- 
and needs discussed with the fniit growers. Everywhere the greatest 
cordiality and cooperation was met with. As a result, several linw 
of work have been outlined, both for the station and for cooperatiiij: 
planters. Among the chief of these to be noted are the questions i)( 
cover crops, treatment of pineapple plantings after the second yeiir. 
stock resistance to " mal de goma," effect of stock on scion, pruninj 
and plant selection, and breeding for special purposes. 

One of the greatest difficulties to overcome is that of obtaining! 
trained help. This is especially true when real scientific investigi 
tion is undertaken. The development of the fruit-growing industries 
has been so rapid that there has been no time to develop trained help 
sufficient to meet the needs. It is to be desired that native young nifii 
with good common school education take up this work and thus fur- 
ther the development of the fruit industries. 

Another of the great needs of the island is more adequate inspec- 
tion laws. Thousands of plants are being imported annually and 
practically nothing is being done to prevent the introduction of sucfii 
destructive, if not totally annihilating, pests as the bud rot of tlif 
cocoanut, the mango weevil, and various other equally injurious i 
sects and maladies. Thorough inspection laws, with adequate pro^ 
sions for enforcement, would prevent the serious damage to the fnii' 
industries of the island by the introduction of these pests. 

The following is a more detailed statement of the work being dom 
or planned in the various specific lines. - c ~ 
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VEGETABLES. 

The conditions in Porto Uico an- npparontiv so nearly ideal for 
icjix'tabie pnnvirig timt one at once asks why tht' island does not sup- 
].|y its own markets and ship quantities of produce to the States in- 
-ii'ad of annually iinportin}; ihonsands of dollars worth of onions, 
|i(itutoe.s, l)ean.s, and various oilier vegetables. Work of Hie preceding 
veal's at the station demonstrates clearly that the majority of vege- 
t:ihles can l)e raised liei-e in ahnndance, hut that seed dMeriorates 
i;ipidly, necessitating fivquent fresli supplies from the States. Can 
we raise our own Heed ns well as acclimatize the northern tyjies and 
maintain the standard of snch types, and iilso <levelop our own form;* 
lo that standard? We are now investigating thcst' ipiestions, with 
much promise of un affirmative reply. 

It would seem also as though vegetables conid Ik' had fresh from 
the garden every day in the year, us frost is not known, and a tem- 
[lerature of iiri" F. is considered hot. Even a wet and dry division of 
llie year can hardly !» said to exist in a large part of the island, and 
iilong the south and southeast coast, where there is a severe dry sea- 
Min, there is water for irrigation. The local markets indicate, how- 
ever, that there is still present some of the old Ijelief that certain 
vegetables will not grow on the inland or can bo grown only at reilain 
times. To emphasize the former work of the station, a niiml)er of 
ixperiments are being carried on to determine more definitely just 
what the special seasons are, if there are any. To obtain this neces- 
sary data for each class of vegetable several varieties of what fi>rmer 
experiments sliowed to be the l)est for this section were chosen. 
Plantings are being made at regular intervals of about a month. The 
|)lants are subjected to difTerent cultural methods, such as growing in 
>liade, ridge Ijedding, etc. Notes are taken of growth, yield, ijiiality, 
;iud general behavior, together with clinuitic conditions. This work 
htis not been carried on long enough to obtain many definite; results, 
but the conclusions of former experiments are clearly confirmed, as 
well a.s some new points l)rought out and new questions raised. The 
ihief of these are : That with proper cultural methods such vegetables 
!is radishes and lettuce do equally well at all times of the year, unless 
it be during the one or two months of greatest rainfall; that many 
'ithers do have certain sea.sons in which they grow best and, generally, 
Ihat the.se seasons are during the early winter and spring months; 
ihat the insect pests and diseases are, in a large measure, periodic; 
lliat tomatoes, melons, cucumbers, and some others can be grown here 
liir a winter or spring market ; that good seed of many classes can be 
lioine grown and, most important of all, that the better native varie- 
ties can be readily improved. 

When more frequent steamship service between Porto Kico and the 
States is established, as it soon must be at the pi-esent rate of develop- 
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ment of the fruit imhistries, an important market-gardening biisine,^-^ 
will undoubtedly be developed, adding to the wealth and prosperity 
of the island. Even at the present time thei-e Ih a good opening for 
such work for local markets, and a great improvement is seen in both 
quality and variety of the garden produce in the markets of tln> 
larger I'orfn Rican cities. 

As will he noted in the report of the entomologist, excellent sHOces^^ 
has lieen had in coiuhating the garden pests and diseases, so that thai 
bar to successful trucking may be largely overcome. St)me of the 
more stubborn diseases, like wilts and mildews, can be overcome by 
breeding and selection. Excellent success has l)een had along this lini' 
in grafting choice eggplants on the wild " Berengena ciniarrona." 
The grafts seem proof against disease, and the fruits borne by them 
were large and of excellent quality. The plants also bore several suc- 
cessive crops, and would seemingly have continued fruiting indefinitely 
like the stock parent had not a newly appearing insect destroyed th<' 
])lants before tlie pest could be checked. Other grafts are now com- 
ing into fruiting and it is hoped more definite results will he obtained 
by tlie time for the next report. The same stock is being used on 
which to graft tomatoes with considerable success. 

Much remains to be done in the acclimatizing of the better northern 
types (if vegetables and, by cooperative experiments with planters 
in other sections, attempts are being made to determine the besi 
locations for such important croi>s as jwtatoes and onions, whicli 
require certain c<mditions for the best result-s. Many northern types 
and types fnmi regions similar Ut our own .should be introduced and 
the choicest native strains improved. 

ORCHARDS. 

Much of the orchard work thus far has been a continuation of that 
of the preceding years. Many of the introduced varieties of fruit 
trees are coming into bearing, and these are being studied as to their 
adaptability to our conditions and their commercial value. Among 
•those that give promise of sufficient merit to warrant further investi- 
gations are the Japanese persimmon, the Peen-to peaches, the cheri- 
moyer, the loquats, and several of the imported guavas. 

Systems of priming are being introduced ; various cover crops arc 
being tried; the fertilizing experiments continued and new ones 
planned to show the effects of the different food elements under Porto 
Rican conditions, and a comparative test of clean cultivation against 
grass in the orchard is being made. 

A number of various types of citrus fruits are coming into bearin<: 
this year, making it possible to determine their merits as to shipping 
qualities and general commercial value. (PI. II, fig. 2.) Some arc 
found to be not true to name and in other cases, though labeled differ- 
ently, varieties are found to be the same. 
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NEW M.ANTINUS. 

In order to study in more detail cultural iiietliods, diseases, and 
viirious other pniblenis of fruit growing several new plantings have 
l)epn made. The chief of these are a new citrus grove and a cacao 
•jiove, with rubber for shade. Other miscellaneous plantings of 
I'iK'oannts, shrub forma, and various imported ty\>es have also been 
made. Tlie new citrus orchard is located on tile-drained bottom land. 
The soil is a strong clay silt with some p<)ckets of slightly sandy 
nature. This orchard, together with the old one. give us marked 
<'ontrast of soil and soil conditions and permits of a large range of 
investigations. Only standard varietie."? of each class of citrus fruits 
are planted in this new orchard, and these are so arranged that 
experiments requiring many years can be carried on. 

The cacao and rubber planting consists of five of the chief varieties 
<if cacao in alternate rows of Castilloa rubber from Central American 
seed and from the seed of our own trees. A few quick-growing 
'' Madre de Cacao " and rain trees are interspersed to act as shade 
during the first few years. This planting is made for the purpose of 
studying the cacao diseases, the Itest cultural methods, the use of 
rubber as shade, and some other problems. 

MISCELLANEOUS FBUITS. 

Barbados Cherry (Malpiyhia glabra). — This fruit is proving of 
considerable merit for making jellies and has the advantage that it 
l>ears several crops each year. On the station grounds the trees thns 
far have borne one heavy and two light crops during the year, 

Otaheite Gooseberky {Phyllanthug dintiehn). — This fruit also has 
been shown to ])ro(luce a very excellent deep wine-colored jelly an<l, 
like the Barbados cherry, produces abundant crops several times dur- 
ing the year, thus making a very valuable household tree. 

Anona {Anona fkerimol.ia) has fruited during the year. Wliile 
the frnits were small, they were all of most excellent quality. Other 
imported types are being planted, and it is hoped that this may become 
a common fruit in Porto Rico. 

Rose Apple {Eugenia jambos). — A new use has been found for this 
fruit. AVhen mixed with other fruits in making jelly or preserves it 
is found that it gives to the product a delicate rose flavor that is very 
agreeable. It would seem that this was well worthy of further trial. 

GuAVAS. — The guava industry is one worthy of much attention and 
development. Since the pure-food laws prevent adulteration, pure 
jellies can be made profitably, as they will bring prices commensurate 
to their cost. Guava jelly is unquestionably one of the finest jellies 
on the market and the supply is almost nil compared to the demand. 
Hence the room for development is extremely large. *" 



24 PORTO RICO AGRICULTURAL EXPERIMENT STATION. 

The guava is at home here, and there are many acres where it could 
be grown to advantage without interfering with other more profitable 
crops. It will grow in almost any mitnation. but responds readily tu 
good treatment. The ideal conditions of soil, location, and culture 
are yet to be definitely determined. The introduced forms in the 
station orchard have thrived and this year bore excellent crops. Many 
hundred seeds have been gathered for sowing and for distribution. 
The mummy disease has not troubled the better imported types to an 
appreciable extent, and the native types have been kept nearly free by 
spraying {see report of entomologist, j). 38), so there is nothing to 
prevent the rapid development of this valuable industry. 

Aguacate. — The avocados on the station grounds have not shown 
satisfactory growth. This is probably due to unsuitability of location 
and climatic conditions. They have also been subjected to a leaf dis- 
ease, the cause of which has not been fully determined, which has 
defoliated them. 

Cacao.— Our cacao has done quite well during the past year. The 
growth has Ix^ii vigorous, with a relatively small percentage of dis- 
ease. Thorough pruning is being tried, as well as soil and cultural 
experiments. In connection with the physiological chemist, methods 
of fermentation and preparation of beans for market, as well as of 
improving their quality will be investigated during the coming year. 
With the entomologist and pathologi.st, studies will be made of the 
diseases and [lests of the cacao and means of controlling them. Thes<' 
are now a bur to the industry, but it is believed that they may be over- 
come and cacao planting placed on a successful basis. 



Considerable data have been gathered in .the cooperative experi- 
ments, some of which promise valuable I'esults. It has been foimd 
that in all the soils thus far tried a- complete fertilizer gives a marked 
increase in growth over no fertilizer or one composed of one or two 
elements only. This increase has in two cases been over 25 per cent 
where single elements were used, and more than .50 i>er cent greater 
than upon the nonfertilized plat. In no case has there been less than 
from 10 per cent to 15 per cent gain in favor of a complete fertilizer. 

Thus far no injurious effects of using chlorids or organic fertil- 
izers have been observed in citrus groves. The " mal de goma " 
present in some groves has not been tniced to the presence of organic 
matter, but in almost all cases seems to be due to too deep planting, 
bad drainage, or some allied cause. In our orchard fresh manure has 
been liberally spread about the trees with beneficial results. 

During the coming year it is hoped that data may be gathered on 
the effects of the various food elements on the fruit itself, as several of 
the experimental plats will bear their first crops. The fruits will be 
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analyzed aiitl compmvi! for i|imlity imd shipping piirjioscs. These 
I'xperiments will hv coiitiiiiictl until dotinito ii'sidts niiiy be had on all 

of the qiiestions raided. 

COCOANUTS. 

Tlie pawt year has Ih^i;» very prutitablu for cticoaiiut growers; pricos 
liave been high and the crop fair. In favorable loL'alitics the emp 
has been very large. The high prices and the benring re«)rds of the 
Porto Eican trees have given a great inipetns to cocommt growing 
and a number of large gmves are iM'ing set out. There is also much 
{rcneral planting being done. 

Efforts have Iwen made to obtain some data regarding the niinilMT 
of frnits ii tree will bi'ar dnring the year. Thongh nniny countings 
have been made, the variation has Ijeen fonnd to be so great that as 
yet it is imjK)ssible to give any accnrate figures. Trees have been 
observed with as high as 22.5 nnts on at one time, and the ticaring nf 
from I2.''> to I.IO nuts at one time has been fonnd very common in 
the section where the cocoannts are most at home. Most authors 
reporting on this subject give an average of 120 to 125 nuts for the 
whole year, but from data gathered here it woid<l seem as though 
there is a highoi- average in the better <-oc(ranHt sections of Porto 
Rico. 

Cultivation, fertilization, and seed selection are found to have an 
important influence on the rapidity of the grove's development as 
well as its productiveness. From data obtained it can be strongly 
recommended to those starting new groves that they look carefully 
to the physical condition of their soil, the selection of their si-ed, and 
the cultivation and fertilization of the trees, lly thus doing they 
may gain from one to three years in the development of their groves. 

Thus far none of the dreaded cocoanut diseases have l)eeu observed 
or reported. There are some minor diseases present in the groves, 
hut they are almost entirely due to neglect of the trees and are not 
to be feared by the careful grower, 

BUBBEB. 

Several of the Caslilloa trees on the station grounds have flowered 
and fruited dnring the year. Many thousand seeds were gathered, 
most of which were distributed. It was determined that when the 
seeds were planted as soon as removed from their seed pods 97 to 38 
per cent germinated. Wlien left to dry out, the time of germination 
was lengthened and the percentage of those germinating decreased. 
Seeds allowed to dry for three weeks required as much as five weeks 
to germinate as opposed to live to eight days when fresh. The 
f^eedlings were found to stand transplanting very well. Some were 
transplanted twice, from seed boxes to pots and from the pots to 
31210—08 i 
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their place in the orchard, with but nil cxOTedingly siimll |M»rcentagB 
of loss — no more than is to be expected with any of the common tiw 
types. How old the seedlings can be before they are stunted by trans- 
planting is a question yet to be determined. 

It is hoped that some tapping may be begun during the year, 
although the trees are less than C. years old and too young for more 
than very light experimental work. 

MANOOES. 

The interest in mango growing is increasing. The mango tree 
makes in many ways the ideal j»ermanent wiml-break, so vitally 
essential to our citrus gr<)ves. Thousands of seeds are being planteil 
and the demand for the Ix-tter iniported forms is rapidly increasing. 

During the past year nearly '200 inarches have l)een made from the 
various imported forms and niost of these are Iwing planted on the 
station ground where wind-breaks are needed. S<mie have l>een dis- 
tributed and others will Im as fast as it is deemed advisable. Various 
methods of grafting, budding, and inarching are Ix-ing given trial 
ivilh more or less promising results. It is our desire to find if pos- 
sible some rapid, simple way by which the seedlings may ire grafted 
or budded in situ with more certainty of success than by any of the 
methods thus far used. Such a method will do away with much of 
the present necessary labor and danger of loss and will give an 
impetus to what should be a prominent industry on the island. 

Shipping trials of mangoes were made during the season to further 
determine the best methods of packing, handling, etc., and the carry- 
ing qualities of the fruit. These experiments were successful as far 
as keeping qualities are concerned, and it seems only a matter of 
time until the mango will become a valuable factor in our export 
trade. 

It was found that the best time to pick the fruit for shipping was 
when it began to show the faintest color of approaching maturity. 
Fruit picked at this stage arrived at its <]estination in excellent con- 
dition and developed a flavor and quality approaching that found 
in the fruit ripened on the tree. 

Experiments were also made with the mango fruit for other pur- 
poses. At certain stages of maturity the fruit was found to make 
excellent jellies, butters, and sauces, and it is probable that it may be 
canned. More work is to be done along these lines in the coming year. 



The banana plantation i« showing excellent growth and a number 
of the new varieties are now fruiting. These new types are being 
-described and tested for their economic value. A number of forms 
secured from different sections, but bearing different names, arc found 
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to be tile suiiie. thus mhiciiig tlic iuiiiiIkt of viirieties in tlio trial 
frroiiiidK, Forms that Imvc no iiu'rit an- d !«<.■« rdwl. 

The chief and vital objwiion to the growing of baimiius for export 
hus l>een the fat-t that the bunches were loo small. In Porto Rico ■ 
H bunch with six or eight full hands is considered large. 'Whether 
this characteristic of small bimches is due to the variety, soil or 
iiiltiiral methods is yet to be determined. The cjiiality of the fruit 
is excellent and the nnml)er of bunches produced on a given acreage 
is fairly large, so that if the siiw of the bunch could be increased or 
more jirolific varieties jirown banarnis coidtl well 1k' raised for export. 
PINEAPPLES. 

The pineajiple industry has developed with exceeding rapidity and 
has become one of Ihe chief indn.slries of the island. The new acre- 
age planted during the year was limited only by thi' available sup- 
ply of slips. Not only were all the Iwal supplies exhausted, but 
hundreds of thousands were imported fi-oni Cuba, Florida, and other 
pineapple-growing sections, and even Ihen Ihe demand was not met. 
This extensive planting may lead to great injury, as in many cases 
inferior slips were secured and the lack of inspection gave opjxirtunity 
for the introduction of any and every form of discas*; and insect. 
Aside from the troubles arising from the planting of inferior slips 
no new disease or insect has been reporteii or observed. Growers 
should watch their plantings with great care and report any new 
trouble immediately, so that means may be taken to pn-vent tlio 
spread of any dangerous diseases. 

The fertilization experiments that have been carrie<l on for several 
years have bueii concluded an<l this information, together with much 
other data, is Ijeing propuri'd for puiilicalion. Observations made in 
the field have led to the undertaking of considerable other work with 
pineapples. It is necessary to more clearly determine the best 
methods for bedding, the treatment of the different soils, and proper 
soil conditions. Also considerable work is to be done along the line 
of plant selection and improvement. In several regions Ked Spanish 
plants were observed that were practically spineless. Effort will be 
made to develop this characteristic. Several promising variationa 
in type will be propagated and fixed, if possible. 

During the past year pineapple shipments have been very satisfac- 
tory, both in carrying qualities of fruit and prices obtained. The 
new crate for the Cabezona ])ine, designed by the former horti- 
culturist, Mr. Henricksen, has demonstrated its usefulness, and many 
thousand crates of this pine were put on the New York market in 
excellent condition. Should shipping become unprofitable because 
of low prices the planter has yet another resource, for new canning 
factories have been started at Mayaguez and San Juan, thus ^ving 
a larger home market. 
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Steps should Im> taken toward tho ndoptiiui of iitiifoiiii stiindaids 
as to grading for qmility, iind more ptirticidiirly for size. At jirescnt 
these standard)^ are very tndetinite^ Ix'iiig almost cnlir-ely dependent 
upon the individual. Some size V)y weiglit, but most by the eye, 
and for the average man this is not accurate. Unless some means 
are taken to make the packages more uniform injury to the industry 
will- result. These are proper questions for fruit associations to take 
up, and their committees should meet and formulate standards for 
ust^ by all their memhers. The merits of a system of sizing by weight 
as practiced by some should be thoroughly discnssed. If the crown 
of the pine did not vary so much weight would un<)nestionably be 
the ideal system to insure uniformity; but because of these extreme 
crown variations some modiRcatious will be necessary. 

The new varieties in the experimentid beds on the station grounds 
have not done as they should, due to the extremely unfavorable (-on- 
ditions of most of the past year, and it is ini|>ossible (o make any fair 
report of tbem at (his lime. 

PLANT INTRODUCTION AND BREEDING. 

As noted under their respective heads, new varieties of citrus fruits, 
pineapples, etc., have U'en introduced and distributed or planted in 
the experimental beds for trial or propagation. Some of the other 
special work done along these lines is as follows; 

A large number of the standard varieties of grapes have been in- 
ti'oduced and planted. They ha^-e made an exceptional growth during 
the year, and it has been found difficult to keep them within bounds. 
It has been observed that while in full growth heavy pruning can 
l>e done without seeming injury. Pruning when the vines were semi- 
donnant caused seven' bleeding, which was checked only by cauter- 
izing and then covering with wax. The best method is, of course, 
careful watching and pinching the buds before the growth fairly 
l>egins. By one or two heavy i)runings at the proper time and pinch- 
ing it is po.ssible to keep the vines in good liearing condition. 

The introduction of nut trees will be given considerable attentionl 
during the coming year. In many localities the conditions seem to 
warrant the belief that English walnuts, almonds, [>ecans, and other 
forms like Brazil nuts, litchi nuts, etc., can be raised here, and it is 
desired to take up the matter of tlieir introduction, seeking the best 
localities and soil conditions for each form. Could these forms be 
used to reforest our hills and our waste places as well as be grown in 
groves it would add very materially to the wealth of the island. 

Many new varieties of strawberries are being tested in the experi- 
mental plats. Some of these varieties have stood the adverse condi- 
tions of drought and excessive rains and are giving promisje of pro- 
ducing excellent fruit. Others are yet too young to pass an opinion 
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upon. TlieiT lias l>ooii enough work done in several places on (lie 
island to show tlmt strawberries can Ik- wiicivssfnllv {jmwn, ^\^lik• 
the (.Top is not heavy ut any on? time as in the Slates, the Iwaring' 
l)eriod lasts over severnl months, so that the total yield is very fair. 

PLANT IHPBOVEUENT. 

In plant improvement special euipliasis is being laid on the breed- 
ing for disease resistance in various varieties of plants. The tomato, 
eggplant, cucumber, and tnuskmelon are Iwing given special atten- 
tion. A.s stated previously, grafting tomato and eggplant on the wild 
eggplant has been very successful, and we iire also trying by cross- 
breeding with the hardy native forms and by selection fnmi the re- 
.sulting hybrids to breed new, hurdy types of liigh quality. 

Most excellent .success has been already obtiiined with muskinehms, 
A native strain of large size Ims Ix'eii found with merit enough to 
warrant further work, liy using fertilizers these have In-en grown 
to giant size while still retaining tin excellent flavor. Another type 
locally known as the '" melon de hi China " has proven to In: of excep- 
tional merit for a breakfast or dessert melon, ranking well with the 
Rockyford in size sind flavor and excelling it in ap|>earance, Wing 
of a fine orange color when ripe. This melon is Iwing tested for 
shipping, improvement of size, i)ro<luctivily, and flavor. Much is 
expected of this strain, both for home and foreign markets. A 
famous strain of Spanish muskmelon is also being t<wted. 

Another Hue of ivork being pushe<l is onion gniwing. It is claimed 
by the dealers, and seemingly well sulistantiated, that the onions gn)wn 
in the United States and even the Ileimudas do not keep as well as the 
Spanish onions. Spanish onioiis have tieen planted and will Iw grown 
for seed. Efforts will also be made to obtain seed direct from Spain 
for trial hen;. There is no apparent n'ason why our large home de- 
mand can not be supplied and that large, important item of expendi- 
ture kept at home to add to the island's wealth. The success of the 
onion plats so far developed on the station grounds In-ar out the ab()vc 
conclusion. 

Efforts are being made to adapt and grow the garbanzos, or chick 
peas, a Spanish vegetable that serves almost the same purpose as 
beans and is at present a large item of importation. 

By selection an extra fine as well as e-xtra early strain of cowpeas has 
been developed and now we are raising seed for trial at other points 
on the island. 

Cowpeas promise much for Porto Rico, and any improvement will 
mean great benefit to the planters. The breeding crops thus far have 
matured in from sixty-three to sixty-eight days, and with favorable 
conditions it is probable that this time can be considerably reduced. 
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Practically all of tha Htandard vegttiiblcs are uikUt ohscivatioii for 
adaptation and iinproveineiit and all the native strains that give iiiiy 
promise of merit are l>einfr lesled. 

PRITIT GROWERS' ASSOCIATIONS. 

One of the encouraging signs in tlio growtli of (lie fruit industries 
is the awakening of the plunterw to the value of cooperation. Dnring 
the past year the two ol<l associations have made a vigorous growth 
and one new association has been formed among tlie fruit growei's 
around Manati. There is nothing that can build up an industry so 
rapidly and snbstantially as active, thorough cooperation, and frnil 
growing is especially susceptible to such efforts, as evidenced by the 
development of this industry in Oregon, California, Canada, and vari- 
ous other sections. 

These associations are taking up the qnestion of shipping rates and 
facilities and various other matters of importance in their lines of 
work. Unquestionably they can accompHsIi nuich good both for them- 
selves and for ttie whole island. It is to be lioped that other associa- 
tions will be formed in the various fruit-growing centers and then 
that all these local associations form a strong, vigorous federation. 
By such steps they can soon control the situation and bring about 
many needed shipping reforms. 
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BEPOKT OF THE ENTOMOLOGIST AND PLANT FATH0L0QI8T. 

By W. V. ToWEB. 
No serious outbreaks hnvo been reported during the last year, 
nlthough there are a niiml)er of pests which are giving the planters 
a good deal of trouble. Several trips have been made through the 
orange and pineapple districts, and there seems to tw a marked im- 
provement in the groves. A mnnber of l>eneficial j)KrBsites have 
l)een bred and their life histories are being worked out. Thesis insects 
iire to be bred and distributed during the coming season. Tobacco 
insects are caiising the planterw considenible tronble, and during the 
coming year cooperative work is to be carried on. Since March a 
great deal of time has been spent in studying the life histories of the 
insects affecting vegetables; also various methods for combating 
them. 

OEANQE PESTS. 

The " orange dog," a variegated caterpillar Wlonging to the gemis 
Papilio, was found feeding on the orange during July. Some of 
these caterpillars were bred and pupated during August. The rest 
of the insects were fed on oran^ leaves sprayed with arsenate of 
lead, 4 pounds of stock to SO gallons of water. This strength was 
effective. A second brood was observed October 18. The larvK at 
this time were half-grown. 

The orange leaf-weevil {Diaprepes »pengleH) was found in limited 
numbers during the past season, but in the latter part of May 
great numbers were observed. At this time arsenate of lead, 'A 
pounds to 50 gallons of water, -was sprayed on a number of trees, 
which were then tented, inclosing the weevils. In three days 75 per 
cent of the weevils under the tent were dead. 

On one trip through the orange district there was found a very 
high percentage of scabby fruit. From the work carried on at the 
station it seems advisable for this trouble to spray just as the fruit 
forms, also again in ten to fourteen days. Trees treated with Bor- 
deaux mixture sliowed a very low percentage of scabby fruit. It is 
advisable to have the scale well under control before spraying with 
Bordeaux mixture, as it kills the parasitic fungi which prey upon 
the purple scale. 

As means of prevention: (1) It is not advisable to plant nurseries 
of rough lemon between budded rows of trees, as it is very suscepti- 
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blc to scab. (2) Do not plant niirscrieK on the windward side of 
groves, as the wind acts as an agent for distributing tlie spores of the 
fungus which produces scab. As scab and the orange weevil appear 
about the saino time, it is recommended that a fungiciile and insecti- 
cide be applied together. This can ivndily be done by dissolving 4 
pounds of arsenate of lea<! in 50 gallons of Bordeaux mixture. 

The red scale {Chrysomphnlvs ft-iis) is as |)ernicious as the piirpii' 
scale, hut there .seems to bo a definite time when the young come 
forth. The young settle down in about two days, forming their 
first covering. Tliis first covering appears yellow, but it is transpar- 
ent, the yellow of the insect shining throngh. The si'cond covering 
is somewhat darker. These two .stages are readily killed with kero- 
sene emulsion, 1 part of stock to (i parts of water. \s the young are 
not all brought forth at the same time more than one spraying is 
necessary. For treatment spray when the crawling young first ap- 
pear and repeat in three weeks. If the insect is very bad another 
spraying will l)e ne<'dod. 

" Cuculios " or May beetles (Lachnosterna spp.) were reported in 
some of the groves this year at blossoming, while in some sections a 
niunher of planters observed the " cuculios *' eating the yoimg fniit, 
thus scarring it. If this is the case thorough spraying should be 
practiced liefore the fniit forms. It seems advisable, when there is 
ft great amount of scab in the groves, to apply both a fungicide and 
insecticide — 4 pounds of arsenate of lead to W gallons of Bordeaux 
mixture. 

The brown or hemispherical scale {Saissetia hemisplwrica) is not 
causing any serious trouble at present. It is readily held in check 
with 1 part of stock kerosene emulsion to (i parts of water. 

The ])ur|)le scale {Lepidiimphci^ heckii) is causing a great deal 
of trouble in the citrus plantation.s. This insect lias been under 
close observation for the past year at the station, and a numl)er of 
planters halve upon request sent specimens for study. From the 
observations made it was found that the j'oung are frequently issu- 
ing. Experiments have been carried on to determine the value of 
the different strengths of .sprays and at what stages the purple scale 
are killed by the.se insecticides. The adult females and eggs are very 
hard to kill, and a spray which would kill at these stages would cause 
many leaves to drop. Crawling young and young bearing their first 
covering are killed by much weaker solution.s. Kerosene emulsion, I 
part of stock to 6 parts of water, kills larva? with their first and sec- 
ond coverings. The complete history of this insect has not been 
worked out, and until this is completed it will be impossible to say 
just how many sprayings will be necessary to clean a grove. 
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WIND-BREAKS. 

Wind -breaks are iimv nTiigii i/.cd ii^- |)liiyin{: jis import mil a part 
a^ sprays in ilifrkiiifi the piir])!)' sfiili'. Diirinfi ilit' jmst season many 
nf tlio plantj'i's have Iwen selling onl gnu'es witii wiml-lireaks. anil 
under such roiiditions parasilie fungi are ilevelopiiig. 

\Vin(l-ljii>aks are divided inio two ehisses — permanent ainl It'mpn- 
rarv. Permanent wind-lireaks arc generallv |>hinled iiii the oiitei- 
herders .,f the groves, wliih- lemporaiy wind-hreaks are planted U- 
hveen the nuvs of ti-eeH. There are several plants whieii grow veiT 
ijiiiekly and atfoni good wind pn»tedion, namely: Hainunis. sngar 
cane, pigeon jwas, and the China Imutv. 'I'emporarv winddireaks 
(IM. III. fig. 1) slioidd not remain iK^lween the rows more than three 
years, and in the ease of l>anaiias a furrow shonld !«■ phuved on each 
sLile. thus piTventing the riM)1s from sapping the soil around the 
orajige (I'ecs. 

Kor pei'nuiiient wiiid-hrenks at the present lime the mango seems lo 
he the hest ( I'l. III. fig, 2). hut in s,-ltiiig out the voiing trees thev 
shonld U. headed as low as possil.le. HaiuhrH, is also heing phuite,!. 
and if the cuttings arc si'l out during llie rainy season they start nuK'h 
quicker. These shouhl 1h' planted close together, so as to form a 
hedge. 

When hrnsh land is heing cleared for planting it is advisable to 
leave a strip of uncut tiiuU-r -20 feel wiile every -M) U, 400 feel. Tlie 
ivsults ohiaiiicd fi'<)ni windbreaks are vei'y marked, certain groves 
whieh wcR" wind swept and wei'e not growing at all having Im-cu 
brmight inlo e\eellenl eonditiou. Iti almost every grove (ui tlie island 
nnirked impnivementshy wind-breaks have iH-en observed. Iti cerlaiu 
areas there may be found trees pi'<)ducing from one to two boxes of 
frnit, while trees not more ihait -"ill to To fe.-t away and of the same 
age as the foniier, but without wind proteelion, a|>|)ear to Im- not inort; 
thaJi a year old. On the latter the bianehes are blown to one side and 
covered with scale. Trees protected from the wind re<piire less spray- 
ing and the frnit is free from scars. 

The rust mite has been found in some of the groves during the past 
season, bnt very little dannige lias been noted. During the coming 
season various sulphur washes are to Im- tried in cooperation with the 
planters as measures against the ru-st mite. 

KEBOSENE EMULSION. 

Kerosene emnlsion made according lo the nsual formida has given 
excellent results at the station and also im many of the plantations: 
Take 2 gallons of kerosene, 1 gallon of water, J pound of whale-oil 
soap. First put the oil in a barrel. Then dissolve the soap in the 
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water by l>oilii>^ Uliil pour into the Imrri'l. Mix tlic wlioh' with a 
spray pump bv piiiiipiiifj lijick into Ihc liiirrcl for ti'ii iiiiniitos. A 
ci-eamy iiiixtin-o will !.,■ ol.ttiiri.'il wliicli slioiild liol.l up for from t«<. 
lo three weeks. K(.r us., f.jllow ilirections yiven for llie aiffcrciil 

illMH'ls. 

TOBACCO INSECTS. 

Tliere aiv ii immU'r <•! insects wliich fee.l upon t<itiii(vo iin,! whifli 
for (-OIL veil ienre riiiiy lie divided into fwo ..[a^^'s— tli.ise llml daniiige 
the y.mntr phiiits In seed Iteds an.l lliose thnt dainiifre the leaf in the 
field. 

Tn iiiaiiing new seed l>e<ls it is a jrood ]>nictioe U) burn brush over 
(he IxhIs .ir to sterili/.e the soil by steam, ihiis killiufr all insec-ts whiel. 
may be jn-eseiil. ,Seed U'ds covered wilb a tliin layer of powdeml 
cliJircoal have Iwen used al *tlii' slaliori foi' prevenliiiff damping nff 
ami other siiuihir diseases. 



Yniinp tobneeo jilaiits aiv killed liy eulworms and " ebiinjras " and 
seriously damnyed by fleji-beetles mid liorinvornis. 

The '"i-hangas" and culwcH-ms eat the phinls when Ihev are -2 <ir 
;t iiielies hi^h. The " ehaiijias " cut olf (he plants below the siirfair 
of the ground, while (he enlwornis cut the plants just above the soil. 
Paris prwn luasli has Iw'en used at llie station with e.\c*.'lleut results. 
In using this poison it is advisable to make small nnies. plaeing part 
of the mixture below the ground and part above. The niiisli under 
gi'ouiid is for the " changii.s," while that above the surface is for the 
cutworms. Tlii.s mixture is also very useful in vegetable seed Ix'ds, 
and in transphiiitiug vegetables and tobacco a cone should be placed 
near each ])hiul. The station reconimends the following formula 
for Paris green mash : Twenty p(unids of bran or coi'n meal, i pound 
of Paris given, 1 gallon of molasses, and IJ gallons of water. 
Sprinkle the Paris green over the meal and thoroughly mix the two, 
then add the water and molasses, making a thick paste which can be 
molded into small cones. 

Flea-beetles and hornworms do a givat deal of damage to young 
phints. They may be conti-oUed by spraying with ',i pounds of arsen- 
ate of lead to SO gallons of water. 

INSECTS FEEniNO ON LEAF TOBACCO, 

Flea-beetle.s and the hornivoiius are the nioKt serious insects infest- 
ing tobacco. For these two insects 3 pounds of arsenate of lead to 50 
gallons of water are recouimeiiiled. No burning has ((een observed in 
using Uiis insecticide. i GoO'jIc 
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Ilornworms uri' niiisitifr iiiiu'li diiinii^' in tin' (Viffiiiis inu) t'liycy 
sections. The i'jrg« mid larv«' uiv giithoifd \>y women iiiul lioys. In 
July II panisite \\jis< foniid d('|>i)silin{r ils Vfi^ in itu' cfjjr uf (lie liom- 
worni. Xott'S wcrt' taken on tin- \urHH-t iiiid as nnmy as ciglil {inriisitps 
liuvo been socnred from om- ctrs "f '!"' lioriiworm. A ytvat nnnilMT 
of cfTfrs of llio li<»ni\vi.rm wciv jratlu'rcd and llu- life liislory nf lliis 
insert was studied. From ol(^^'^vt^lil^ns nitHte i1 whs found lliat the 
piu-Hsite takes alxnit eleven (iays to develop. Tlu' adults uiati' very 
>;<)on after issuing, ami the fenndes after depositing tlieir I'^fr^ die in 
n sli.n1 time. Tliese pai'asiles wen- determined l.v I>r. [.. (). Hnw.ird 
as T.'lrnonms m,m!li,-onu>,. 

Nematodes hav<. In'en found infestiufr seed l.eds. For their de- 
strnetion soak the infested areas with a formalin solntion. 1 table- 
spoonful of formalin lo I frallou of water. This has {liven exeellent 
results in beds where (he j^lnnts nre api in.'h lii^di. A strouf; sohilion 
of unislard .>r tobac^-o water may also be iwil. 

INSECTS AND DISEASES OF VEGETABLES. 

During the spi'liifj: and snminer months .-ooiK'nilive wiirk in spray- 
iTij; fjarden truek was .'arried on with the horlietdtnrist. A number 
of inleresliiifr pests a])iieiired. various sjiravs were tried, ami those 
used on the ins,H'ts M'ere loon- suc.Tssfiil than those ns<-d for the phint 
.liseast's, Hor.leaux mixlifiv and arsenate of lea<l were used lop-ther 
with e.xc-ellent results. It was found that duriufr Hn- drv seas<.n all 
vegetables were eoinparalively free from disease, while iIk.s.- that 
wei-e infested reiolily res],onded to tivatnieiil. This ean also be said 
of the diseases foiuid" diu-ing the summer or wet season, except that the 
Tunnber of api>lieations had to i>e increased, thus irn^reasing the rost 
of proihiction. PhdvJh, w,f<;il!i>cinilx apiieared the first purl ()f the 
season an,] diil eonsidenible damage lo cabbage, kale, nuistard, and 
turnips. The larva is a very small given caterpillar three-eighths 
of an inch in length. It was f(Miiul feeding on the under iind ui)per 
surfaces of the cabbage leaves. The ](iipa easi' is generally made on 
the underside of the leaves, but occasionally it was found on the iip[K<r 
.surface. Taris green and slaked Mme, arsenate of lead, and kerosen« 
emulsion were used, but as the cabbage leaves are very glossy the spray 
di<l not adherv. In May a parasite was found which deiwsits itM eggs 
in the pupte. A number of these insects weiv riii.sed antl set free. At 
the presi-nl date it is impossible to find any of the work of the cater- 
pillars. .Vrst-nate of lead was very effective as u spray for checking 
these insects ,m the mnstard and turnip. Kerosene emulsion, 1 to 8, 
killed a large percentage of the larva;, but it was not as effective as the 
parasites. 

There have been two broods of the southern cabbage worm under 
observation, and a number of notes have been taken eoneeniing its 
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lif« history. The females (iqxisit tlieir i-frfrs in rhistefs on the under 
.side of the leaves, the luiiiilier of ef^t^s raiifiinfr from 13 to ICI, with an 
average of 45. The coinplote life hislory rovers from i'4 to y(i days. 
Tlie eg},' cliistci-H are rea.lily .seen on arcomit of llieir yello-.v tint. 
Thene must not U- mistiiken for the egirs of the hidyl.iig. wliich f(>e<ls 
<m the hirv!.' of phmt ii<-e. The eggs of the eiihhaf-e woni. are ri.lge.l. 
while those of t!ie hidyhug are sruo<)th. .\uioTig ihe inswiirides used 
iirstinaU^ of h'lid, -i poiiiKis to "id fjaHous of water, w;is Ihe nn)st elfee- 
tive. I'nris frreen I part atid slaked lime -J-", parts was also effective. 
This mixture shoidd he dusteil .m the phints in the moiiiiuf,' while the 
<lew is on. Other food plants of (he cablnige worm ai'e radishes, tur- 
nips, knie, and niustanl. 

Tohaeeo hornworm eggs were found on tomatoes and pepper, hut 
the hirva; were held in eheek hy the egg parasite Trh-iioni'in moiiiU- 

A white fly {Alui/roilrs sp.) appeared in great numliers on the jiep- 
per and tomatoes, lnit no serious damage was noted. There a|)pears 
to l>e a great munlH'r of parasites which should Im- encouraged. Two 
species of syrphi<l flies were brcfl. and part of their life history 
worked out. A j)arasitie fungus was also fiuind on Ihe while fly, and 
at the present time it is clieeking the ravages of this insect. 

I'hmt lice (Aphididie) were found on many of the vegetahh's, espe- 
cially on tlie first two plantings. A munlHT i>f ])avasiles weri' found, 
two spwies of hidyhngs were hred. and one species of syrphns fly. and 
a iiymenoptei'ous jiarasite was discovered laying ils eggs in Ihe pupa'. 
ToI>aeco water and kerosene euuilsion were used iluring the first part 
of the season with excellcul i-esults. hut at the present date parasites 
are playing a very important pari holding Ihe Aphididie in check. 
Olher food plants 'of Aphidida- ai-e cahhage, tiLriiips. nnistard, melons, 
cucumbers, tomatoes, and s(|uaslies. 

The striped cncundw-r beetle ■(/>/>//'/•(»//'■« ''!/fiif-(i) was foimd feed- 
ing on the cucunil>er, sipiash, and melon, also on some of Ihe native 
weeds. To aimhat them clean out all Ihe weeds which ad as food 
plants anil then spray with arsenate of lead, -^ jxinnds to TiO gal- 
lons of water. It is advisable to sjii'ay with a mixlure of Bordeaux 
mixture and ar.si'nate of lead, as the li(irdeaux mixture ]>i'ofeets 
against the mildews and iither diseases and the arsenate of lead 
against Ihe insects. 

SUGAR-CANE INSECTS. 

Mealy hugs have lH»en causing sonu' trouble to the planters on the 
eastern end of the island. This pesi seems to U spreid b\ plantni^ 
" seed " which has lieen taken from infested anas V numbtr of ex- 
periments were carried on at the station with knosene emulsion usni^ 
it as a dip for infested canes. From figures obtiined from these e\- 
jieriments it was found that with seed soake I fn ttn mnmtes ni 
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kerosene emiilsion. 1 pari of stock lo (i parls of wnler l^cc p. Xi). hII 
insects were killed iirid 1)5 per ecu! of Ihc nines jfcnniniiletl. 

Specimens of Mi<riii' ciiiie infested with llie nieiiuic<iniiini slUfre of 
Tri'os/ihiira xiKchiiri were eollt't-ted from n miinlM'r of plunliitions. 
An outbreak of (his disease occni'red on llie soiilli side of the ishind 
in a very liiiiitetl jireii. Ttiis iireu is U'iri^' (rented. 

For prevenlinjj lliis disease ralooniiijr slioidd iiol tx' pnielitvd on 
iiifesk'd uresis. New pluntiiijp* shoidd be niiide with sel»H:tod seeds 
which liiive been Irealed willi Honlcaiix mixtnre. After ciittinfr the 
cane on all infested iiiTas the infested stalks shonld l>e fiatliered and 
burned. Areas senoiisly infested shooM be burned as mhhi as ll.e 
cane has been ivnioved. 

T!ie siifrar-eano weevil {S/i/uiKiplmi-iii s|).) wiis.faiiiid during l)e- 
ceitiber, Jannary, and Kebrnary in canes wlncb were being cnt for 
jrrindinfi. Horei's were fonnd in stalks, makiutr hirjre cavities be- 
tween the u(Mles, and larvic raiifrinfr from lhive-ei;:hl!is inch to 1] 
inches ]on<r. ]nip!e. and aiiidts were fonnd in the same canals; cfifT* 
Iiave Jiot been observe.l. 

The larva is a white, footless ^'ub. The anterior potiion of the 
head bla<>U. while the p.Meriov portion is l)rownish red: inamlihies 
black: anterior [M.rtion of first segment of body mldish brown. On 
segments 4 to 7 lliere is a swtdlen area or limnp which assist- the 
larva in lm-oino(ion. Anal segineiil bear.s 4 pairs of red.iish-bnmn 
hairs. The adnlt is mhlish with black markings. Head black: W-ak 
brownish red. <'anes eati-n bv this boirr iH-conie weaktneil anil fall 
over, thns making a ])hice for infection, and finally the whole stalk 
becomes infested with fungi. The treatment recommended is lo c-ol- 
lect and bnrri all infested canes at time of cutting. 

.V very small boivr Whinging lo the gemis Xyleborus was fonnd 
infesiing healthy canes. Upon exaniiiiatioii all- stages <if this insect 
were found. The life of this insect is pasM'd in sugar cane, inaleM 
and femak'fi coming forth lo mate. From the appearance of the canes 
the borers come forth from the nodes and in these camils fungi are 
found. The same treatment as for the weevil is advised. 

The rice weevil {('iihinilrii ofi/sti) was fonnd in vei'y limited num- 
berh. At present it is not <-ansing any lionble. 

PINEAPPLE INSECTS. 

Pineapples during (he past year have been trompara lively free 
from diseases and insects. However, a few diseased plants have Ixwn 
reported in the San Juan section. A bacterial disease has been re- 
ported in Florida, and as many of the slips coming to the island are 
from Florida we may expect this distsaso. 

Mealy bugs at present are causing a great deal of trouble ' Yoimg 
plants have been found infested, the trouble being traced to the 
parent plant. These infested slips should be dipped in kerosene 
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enuilsioii, 1 ])jiit of s-t<ick to H pjirts of wiilcr. for fioni five to ten 
ininiiteH. WlioU- siit-ks or boxes of slips van \h'. <ti|)|>e(l at oiilv. but 
these phnits must not lie left in the sacks or l>o\es for more than five 
lill 1... linhle to hwif. ■\Vheii infestcil plants 
Uils (lislributt- IIk! yoimt' mealy bugs over Die 
le base of (he fruit. Insects were found in 
giHiat numbers in the spaces Ix'tween the calyx tubes, while on tiie 
oiit*ir eilgfs of these ciivities there apjieared a secretion of f^nni which 
was probably caused by the. mealy biifr breaking down the cell strnc- 
tnrc. These ai'eas were found on the green fruit, but upon niicro- 
Mcopic exiuniniitiiin no fniigi wurc found. A niunher of these fruit.s 
were allowed to ripen, and the infested areas ripened first. xV great 
iiundM'r of inimatuii^ nieuly bugs were found in the closed calyx tubes, 
but it seems probable that the eggs were hiid by the female before 
the calyx closed over. 

Tobacco dust placed in the crown of the pineapple has given excel- 
lent results in checking the mealy bug. The rains and the dews collect 
in the crowns and diss«)lve the tiihacco dusl. thus making a strong ex- 
tract, which slowly ]»as.ses down over the ba.si' of the leaves and finally 
around the roots. Cotton-seed meal is used by many of the planters 
as a starting fertilizer for slij)s. In such ciises it is recommended that 
the tobacco dust be mixed with t!u' meal. 

MISCELLANEOUS NOTES. 

li%-nja niiiutsi'friiti'iiKiK was sent to the station for determination, 
having appeared on tlie orange. Kerosene euiiilsion, 1 part of stwk 
to (1 ])arts of water, was recommended, and under tliis treatment the 
infested areas were cleaned. 

/'iih'itiari'ii pxidii was foiuid on the tn'ange and coffee. 

Specimens of rufous scale (Siliiiimphlux iirticiihit'iK) were sent 
to Mayaguez on the orangi', and later it was found on the rough 
lemon. This scale ap])eared on tlic leaves, which were infested with 
purple scale, but the black fungus which was preying on the jiurple 
scale did not work on the ruf<uis scale. 

The wax scale {Ceropl<tstc>t fonden-ue) has been found during the 
])ast season on the rose and orange. 

Mummy disease of guavas was reported in the last annual report as 
appearing on the imported Florida guavas. Last season the infection 
was about 40 per cent of the citip. The lOOi" crop was sprayed with 
Bordeaux mixture a number of times and the mummied fruit was re- 
duced to 10 per cent. These experiments are to be continued for a 
number of seasons to determine the proper time of spraying and the 
number of applications necessary to produce clean fruit. 

The following mosquitoes were collected at Mayaguez, Porto Rico: 
Aedes medioeiitaia, Cnlce bhulratus, Cvlex pipiens, CvLex^^ubensis^ 
Cultx salinarhis, Culex towcri, and Stegomia calopus. *- 



REPORT OF THE COFFEE EXPERT. 
Hy J. \\. Van 1.kkmi.ii.>. 

Thp aljinuljint blnsMHiuiijr of -Mhv. i'M\. iicniinpiinioil !)V cxivUpiit 
MPiitlitT (-011(1 il ions, tvsultcd in ii Inrgc coffee ciiH). Storms Instill^; 
continiioiiHly from Noveinln'r 2.') to DeccnilM-r 14, 190ii, juul jtfriuii 
from Marcli 'i(i to Miircli Li8. 11)07. di.l iiiiicli il.un.ifre (o ol.l anil yoinifr 
trees, especinlly in le.s.'^ jirotcdcil pliices. Tlie yoniifl coffee iviis on 
.liffcreiit (HTiisions tlirowii lljit on Ihe frroiiinl strippt'd of leiives, innl 
lijul to be straifrhteni'il iintl nninv trees Mistiiined "ilh forked sticks. 
Tlirongh tiie strong sh.iking l.y"(lie win.l. holes were formed in the 
^oil iironml tlie Irnnks. wiiieli were carefnlly tilled in witli fiiilli. 
The greater pari of Ihe trees ireovered I'apidly. 

The results of lhes<' slornis show the iiecessily of nniny more wind- 
hreaks. As provisional ])rotoetion plantains wei'e planted between 
the rows, to be removed as soon as the shade had gniwn to a snfli- 
rieul lieight. Tiiis is exuctiy whal Porto Itiean phiiitcrs have done 
and, althongh their ehiini that yoniig eotfee wants heavy shade lias 
nol been proven, it seems that a statement that yoimg eoffee in I'orlo 
Rieo reijiiire.s many sJiade trees for wind-breaks wonld not be fur 
from the truth, 

IMPBOVEMENT OF AN OLD COFFEE GROVE. 

Experiments wei'e conlinned and yields determined on diffcifnl 
ti'acls of old coffee. These experiments are for ihe [jiirpose of Htndy- 
iiig methods of bringing old coffee plantings n]» to a iiigher state of 
productivity. The ci-op from 10 acres in 11>02 was ;i,387 pounds. 
The plat was then divided into ten lucre pints, and on cacli a differ- 
ent method oftreatment was followed. .Mtogether \,IW> trees were 
removed and others trimmed np. Tlie yields since have been as 
follows: 

YirI,I^ from ; mmvilM r'.ff.^r umrr. 
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The indications are that yields will increase for some years. Full 
<letails of the experiments will be made laler in hnlletin form. 

Scarcity of labor, caused principally by the enormou.s demand in 
the tobacco industry, increased the price of picking 12J per cent last 

year. 
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(;.,st (if |ii.-klni;.-. _. .. _ *l..-rfi 

C<)Ht Df fli'Jil liiliiir_ . .. . 1.4.-, 

TriiiiK|mHHtioii fnuLL (ii-l<l__ _ .. .._ . . _ .20 

TniimiHirtHtioii frniii |ilii!i1:(ll"ii l<i l^mc'c _ . . .;!71 

Tc.tiLl - - _. __ . _ 4.:t{l 

Avt^niw lirlcc cil.liiiiKil iici' lOll poiinils. ._. . 111. ><.>;» 

The following estiiniiles iiiv givi'ii of the cost of tin- new jilantii 
of mffoc : 

Fiv,. ivwillllKS. ;it $I.:i;i,(- -.,--,. *ii, (M 

Hp[i:iiriiii; iljlTiulw llfti'J' slonu. .■slhiuitiil _ :;. ("l 



DISEASES AND INSECT PESTS. 

All tlio (lisonsoM jitid insect pesis iiicntionnl in previous reports havp 
i-oiitiTniod to do more or less iljiniiigf. The experiments in fertilizing 
to ovi'irome tlie losses ilne to tJio lejif-niiner {Lciroptera I'oficella) 
seem to give good results, the field described in former report haviiig 
not only completely reeovered Inil sJiowing very vigorous growth, 
witli a very noticeable deerense of the brown spots on the leaves. 

A new insect wjis observed in old coffee near Juana Diaz. A nmn- 
l)er of the trees were found t<) be attacked by a b<)rer, which eats its 
way in a vertical direction tliroiigli the heart of the trunks and 
branches. This pest is now under investigation. 

EXPEEIMENTS WITH NEW PLANTINGS. 

The foreign colfees have been increased by the addition of some 
other of the best Javas, sent by the gardens at liuiteiizorg, and by 
Blue Mountain coifee from Jnmaica. During the coming year a num- 
ber of introduced coffees grown on the ex])enmental grounds will be 
submitted to experts for a determination of flavor. 



Healed byGoOgIc 



THE PEHMENTATION OF CACAO AND OF COFFEE. 

Hy Om\h I..)kw, I-hi,si.,h:,iM. 
THE FERMENTATION OF CACAO. 

AUIioiigh inucli hiis Im^pu writlcii iiIkiiU tin- fi'riiipiitnlion iif riiriio, 
ilicrt' still pxists ii };ri'ut diffcn'iKt' of upiiiinn in n'gard (o the priM-ess. 
its piii'iwsc mill iu'<'('ssily. iiiii! tlic kiml of udioii iiivulvinl in it. 

llfrlicrt Wriglit, in his cxhaiislivc work on nicacj", ini'lltions yi'ast 
itIIs'' lis the most importiint orjinnisms nmsiufr tlic f<'iiiiciit)iti<>n, 
whih' other lUithoiN iittrihiiti' the fcnncntiitioii to niiorpintzcf! fcr- 
tiifnts. others iigiiiii to Imderin, and even the chiinges ihic to geriniiiii- 
tioii were suppose)! to phiy a I'ole in it. 

According to (ioorgc Wiitl. in liis Dictioinirv ni tlic Ki-oiionii<: 
Pi-odiictsof TiKiiii' — 

Till' .-(mile ilpxtemusly strl|in iiJI tlip ImiriH c.ff llii" ccnler \m\\\. Tlii' i«)ils nr>> 
ihwi t1ir..\vii ri.iiii.1 till' tni'K niirl in-t an iiiniiiiv,'. wliilc tlic Imiiis nrf n- 
Miovi'i) lc> tlie fenticiiliiii; i-istcni. M tuki-H fiotn Hvc I<> nine iliiyH l<> jn'oiicrly 
f.'riiii-tit the ctK-iiii iiiiil it is IIipu miily U<v workUm. It Ih tniiiiiiUfl llrHl. iih In 
iiifff'i', witli the feet iiiul llieri reiiicinil [ii liiinketii iiimI ciirefiilly liiiiiil-wiiMliisl. * 
■ * ■ I hnve iKi ilolilit Ih;i1 before hmvL Kiiiiie iiieilllx leiw exiierixlve will lie 

fmin<l for wiishiiit.'. • • • Tlie rn-iccM rililiiiiieti for It will ileiH-iiil In llic U 

k'r.'ater measure r.[i thee.m-fiil iitteMtl.m of the nirliitf tlniii In the aiw of .•i.m-.-. 

Saffonl, writing mi ctn-ao in (iiiaiii,'' says: 

Oneno lienns nre soiuetinies ke|it in Jfli's iiml iillowiil to ■' swent " or iiinlcrjtii 
ii Rort of feniieiilHlioli «hleli iiii|.roves thcfr Hiivor. hut thi« eiiWi.ni In not mil- 
VLTSnt. Many ranilllcK. after Inivhii: ili-le.1 Mie lu'iins In the sun, kee|j them iinfll 
rtiiiilreil for nse. when tliey lo;i»l tliein nn we iln i-olTi-e, Krinii lliein ami iniikp 
Iheiii Into I'hocolnte. ChcMiiliile iiiarlo from tli<' newly uroinui heim Ih eMiMrlally 
rli-h mul aromatk-. 

Hiiichley Tijirt ' writes: 

The prime olijeel of swenllnc or fermentation H[ip«irs to he to chnngie the 
iiLRiite r>ortlun of the lienn liy ahsorliinu into il ]iro(liictH ohlalneil fnaii the 
fi'rnientlns patp. and wlipre thlx in nol fully accomplinlied hy any uf the 
riietlioclH the lieaii \i> einfRed hh nnfemientnl. anil the prmlact In generally »f 
lower value: 

"Theohronin caean or ri«vm, Polonilio, 1i)07, p. 10S. 

' Ai-coriliiiK to A. rreyer ( Trniieiipflanner. r. (]!)(H>, pp. ir.7-173). a ciieeini 
kind of yeast, which he nani<>il Rairhnromyrra Ifu-nbrfimir, effects the best fer- 
riientation In Cej'ton. 

■■London, ]«!«, vol. fl, pt. 4, p, 44. . 

'' SueL methods are followed In India, lint not in America. 

^ I'sefal Plants of Guam, I'. R. Xat. Miia., Contrlb. Nat. Ilerharliini. 1) (1!X(5). 
■1. 387. 

'Cacao. THnlilail. 1000. 2. e.!., p. 3S. h . CjOO'^Ic 
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The changes brniiglit siljotit l»y tlm fcniii'iitiUioti hiivt^ Ix'cn ininuteh 
exiLininod by J. B. nnrriw)n, clHimist in Itritiwii (iiiiaiiii. Some ul' 
tha changes observed, us, for cxaniiih'. tlii' denvast' of prott?!!! in the 
seed and the incnmse of iniiiilo conipoiinils, are only incidental nnil 
not of tiny importance, since they do not atfecl lh<' i-olor. wliich ir 
simply (!iK' to the action of ii |>i'o(e(>lytic cnzyin in tbe seeil. 

The principii! concbisiuns reached by IIai-ris<in " arc that tlie proces- 
of " fermentation or swealinj; in cacao consists tn an alcoliolic fci'- 
nicntutioii of tlie siigai's in tbe ])nl]» of tlic frnit accompanied hy a 
loss of some of the albuminoid and indelcrniinalt' nitrogonoiis con- 
stituents of tlie beans. * * * ,iiid some parts of the carbi>hy- 
drate.s other than sugars undergo hydrolysis and either escii])e in the 
rnniiings from the boxes in the fiirni of filncose or iiiidergn in turn 
tlie alcoholic and acetic fermentiilions." Fnrther he dechircs: '" Dur- 
ing this change some of the astriiifient matters, to \vhi<'h the somewhat 
ac.riil tnstc of the raw beans is dne, are also hydrolyzed, and thns a 
marked im|>rovement in flavoi' is {rained." Finally he adds; "This 
work has necessarily only resnlied in a partial and incomplete study 
of the n'sidts of the fermentation." 

The so-called fermentation is <'Hrried out either by heaping the 
fresh seeds, after separating them from the shell, on the floor or in 
receptacles and coveriii{r them with banana leaves or with cloth. The 
floor or the recejitacles slope so that tlie watery products can escape 
(hiring the fermentation- A period of two lo six days, according to 
circumstances, is nsnally allowed for fermentation. The height of 
the heaped seetl measures 1 to l..") meters and over. In some countries 
the highest temperature allowed foi' fermentation is 4o° C., in 
(ithci-s 50" C. Accoi'dinfi to Hart '■ theiv is "danger in allowing [the 
temperature! to rise above 140° F. ffiO" C], as the character of the 
product is sure to suffer." .\n apparatns has been recently devised 
by M. Schnlte in which a constant temperature of (iO" C. is main- 
tained. In this case the yeast is fully excluded and Imcteria with 
few exceptions also, and the lu'cessary changes ai'e brought on mainly 
by the heat, bnt this method has biMm considered too tedious and of 
little value to cacao planters, as is shown by Maurice Moiitet '' in hif- 
criticism of the apparatus. 

The rise of temperiiture amounts to about 5° C. in twenty-four 
hours, and after four days the fermenting Iteans show generally an 
elevation of 18° to 20° ('. above the tcmperatnn? of the surrounding 
atmoHphere. The inoiv or less rapid rise of temperature in the 

M'nx-. Acr. Soc. Trlaliiinl. 2 I1S«K'.-;)71. ii. 2.-|0: Hart, Cuchi.. Triiililiid. V.KX' 
2. ed., pp. lOfl. 107. 

Tnciio. TrliiUliiil. 1!«0II, 2. eil.. |i. 4:i. 
" Joar. Asi". Ti-o|i.. 5 (liKKi), .\i., 52. [\ '■ 
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fprmcntiiig pile depends, of cDursi', upon tlic lipifflil of tlic pilp and 
ti|Hin the tciiipcnifiirc of llic siiiTonndiiijr nil-. 

The caciio fruit ifseinhlos ii ciii'iunlx'i' in sliiipo, lint llic form is 
Hiiliject to certain variiitions. The shell is of violet, red, or vellow 
cdlor, sometimes even neiirly wliite, l.^i to 'i.^i ceiitinieters loiij; and il 
to 10 centimeters thick. The shape of the Seed is more or less roiuid, 
iiftcn laterally coinpiT.sscd or flattened, when it ivsenihles the iH-aii of 
Phuseolns; its length varies from 2 to 'l.'i centimeters, the iliiimoter 
from 0.8 to 1.8 centimeters. Between the fleshy and corrnf,'a(e, cotyle- 
dons, sliowiiifj convolutions on the surface, lies the hitter, pnrple 
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embryo with its white ehalaza. The cotyledons of one variety are 
white in color. There may exist in one fruit as many as 50 seeds. 
The loose parenchymatous slimy tissue (pidp) surrounding (he testa 
of the seed appears to be of similar nature to the tissue forming the 
Sdft inner layer of the hard fruit shell. The strncture of the entire 
fniit is somewhat complicated, and nature has evidently taken much 
pains to protect the embryo by four different envelopes. Figure 1 
will suffice to explain the structure. 
The chief purposes of the fermentation process are: 
(1) Removal or contraction of the pulp surrounding the seeds, 

H,.i, irvCoogIc 
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(ii) Ijoos«niiig of tlie connection between the seed and its testa. 

(3) Development of color and improvement of taste. 

Some' authors hold that the heat of the fermentation is required lo 
harden the interior of the bean, and also pass it to a second fermentii 
tion; further, that another change consists in the hardening i>v 
toughening of the testa of the bean, whereby briltleness is avoidi"! 
during drying, and thus the seeds are better protected against tin' 
entrance of mold fungi." Various authors also ascribe to the fermen 
tation a great influence upon the development of the aroma. 

As regaj'ds the first of the above-named purposes, namely, the re- 
moval of the slime layer attached to the seed coat, a somewhat simihtr 
process occurs in the fermentation of coffee. (See p. 52.) The fir>t 
step is the development of numerous yeast cells, which find amplf 
nutrients in the. sweet juice oozing from the pulp. The yeasts are 
chiefly Saccharomyceg ellipsoideus and a certain amount of S. apicii- 
latus, which develop rapidly. These organisms occur on fruits, ns 
well as in the dust of the air and on the surface of the soil, together 
with numerous bacteria. The alcohol formed in the fermentation of 
the sugar by these yea.sts destroys the superficial strata of the pulp 
or slime tissue, and as its juice passes freely to the outside, nourisli 
ment is given to innumerable bacteria, among them the widely di- 
tributed acetic bacillus. The respiration of these organisms and tin' 
fermentative activity generate heat and gradually a considerable ele- 
vation of temperature is reached. 

The juice on the surface now assumes a strong acid i-eaction, due 
to the oxidation of alcohol to acetic acid, and this suffices to destroy 
the remaining cells of the slime layer, causing thereby a considerable 
shrinkage of it and also a further discharge of juice, as the cytoplasm 
of the dying cells becomes permeable to the interior juice. Thus 
a considerable amount of liquid gathers at the bottom of the recep- 
tacles and, since this liquor has an agreeable sour, smell and tasli-, 
it is used in some factories as vinegar. By the bacterial action the 
attached pulp is further loosened from the testa to some extent and 
can be washed away, as is done in Ceylon. In many parts of Centriil 
America, however, the shrunken pulp is dried with the beans, whicli 
are shipped in this condition to other countries. 

The fermented and well-washed cacao beans show a uniform yel- 
lowish or brownish coloration of their testa. The testa of unwashed 
fermented beans do not show a uniform coloration on account of the 
adhering films of fermented and shrunken pulp, which has tumeil 
from the original colorless condition to a violet brown color, anJ 
which is reduced from the original thickness of 0.1 to 0.2 centimeter 
to a mere film. An advantage of removing the remaining films by 
washing consists doubtless in the greater rapidity of drying, whereby 

"Hart, Cacao, Trinidad. 1900, 2. ed., iip. 35^49.. 
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the (Unger of attack by mold fungi is dimitiisliod. E. Ijaiigv' lioldn. 
iliat'the extrn trouble is not coinpeiDoited by the additional price 
(ilitained for washed cacao. Nevertheless, the washing of the cacas 
iiiis been i-eceiitly introduced in Trinidad. 

■\Mien pulped cacao is not fermented, but simply dried in the sun, 
llie slimy lajt'r around the testa shrinks considerably, but not to 
>iich insignificant thin films as after fermentation. When the entire 
juice of the slimy layer is simply dried up instead of being i-emoved, 
;i hygroscopic condition of the product results, which in moist 
weather becomes sticky and might support futigus growth. Hence, 
fermentation is preferable to a sintple drying process, and after 
washing yields n much cleaner product. 

In the fermentation of coffee the slimy layer to be removed from 
(lie testa (parchment oiivehipe) is much thinner than that of the 
ciicao seed. Hence, the fermentation. of coffee is of much shorter 
ijuration than that of caato. 

In regard to the second inirp€)se above mentioned, namely, loosen- 
ing the connection l>et\veen the seed and its testa, it must be mentioned 
lliat by the death of the si-ed, caused by the elevation of temperature 
(if the fermentation to 40° to 45°C., some contraction takes place 
imd the seed recedes somewhat from its walls. Later on, in the niHuu- 
facture of cacao from the fermented and dried beans, they are roasted 
and some further contraction of the seed is caused. The testa having 
lost its hygn)scopic water by the heat, now can be easily separated, 
(■specially while still warm and brittle. 

An important change also due to the fermentation process is the 
production of a tine brown color. The effect of the fermentation in 
this direction is, however, not a direct, as supposed by many, but an 
indirect one, and may be secui-ed by simply drying the bean. Sun- 
dried beans are uniformly deep brown. A\nien the fresh seed is cut, 
the surface thus opened will turn from the original violet to a deep 
i)rown color within a short time, while boiled seed thus treated will 
not show any change of color, even after many hours' exposure to 
the air. This is in full analogy with similar phenomena observed 
very frequently with plants, and is due to the presence of oxidases 
or oxidizing enzyms. When cells are killed by Iwing cut opyen or in 
any other way that will not injure the oxidases, these will, upon the 
death of the protoplasm in which they were stored up, be liberated 
and commence at once their activity, easily recognized by the early 
appearance of a brown, black, or red color. These colors are gener- 
ally due to the oxidation of various kinds of tannins originally 
present in the juice or cell sap." If, however, the death of the proto- 

"Agr. Hetord [TriDldml], 4 (ISOl), pp. 105-107. 

^ Sucb a case 1b observed in the curing of tobann, wbereby a fine brown color 
is produced. 
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plaHm is produced by strong acids or builiiig temperature," tlie oxi 
da-ses will also be l^illed and no color change will lie noticed, as tin; 
tannins and other readily oxidizable matters in the juices can ncit 
easily take up the atmo.spheric oxygen without the assistance of 
oxidases. 

A further control exjterinient was inaile in wliicli the ]>ulped cacim 
(seed with testa and attached slime layer) was boiled for about 
twenty minutes with dilute sulphuric acid of 2 per cent. The .slimy 
tissue contracted and together with the swollen testa was easily sei>- 
arated from the seed. These seeds showed a pure red coloration on 
the outside, while the interior was violet, and Ho trace of brown color 
appeared even after many hours exposure to the air, since the oxidiz- 
ing enzym (oxidase) hud been killed, together with the living matter 
(the protoplasm of celb). 

The seeds commence to die when the entire fniit is kept for several 
days at 40° to 45° C, and the browning ciin be observed progressinf: 
from the surface of the seed toward the interior. By becoming over- 
ripe, the soft interior strata of the fruit shell, as well as the slime 
tissue around the seeds, contract more or less and a hollow space is 
formed between the fruit shell and the seeds with their adhering; 
.slime tissue. Air diffuses into this space, and the reason for the 
brown color produced by oxidation within the fruit incomes apparent. 
During the fermentation process the browning does not often go 
farther than this, and the interior of the seed often continues to 
show the original violet coloration. It is then that the subsequent 
drying process, which admits air abundantly by diffusion through 
the testa, completely finishes the browning process. Some further 
darkening can take place during the roasting process when powdereil 
cacao and chocolate are made from the feiniented beans. 

The color change of the cacao seed is no doubt similar to the c(dor 
change in the preparation of black tea, for which it has l)een posi- 
tively proved * that an oxidizing enzyni acting on a specific tannin 
is the real cause of the blackening of the leaves. When the oxidizing 
enzym of the tea leaves is killed by steam, the leaves retain their i 
green color and never turn black (green tea). 

Tea leaves contain 7 per cent tannin and over, and the production j 
of a black color from this tannin conunences as soon as the leaves die, i 
which takes place when they are kept in heaps after picking and 
are deprived of sunlight (death by starvation). Indeed, black tesi 
contains less tannin than green tea. In order (o increase the black 
coloration the leaves are rolled, which brings their juice to the sur- 
face, and the access of air accelerates the blackening process, 

"The kllUiig temperature foH oxidnses is 20° to 30° ('. higher than tliat tor 
protoplasm or living matter. 

*K. Aso, Bui. Col. Agr. Tokyo, Imp. Univ., 4 (1900-1902). p. 265. 



PORTO .RKO AURICUL.TURAL, EXPERIMENT STATION. 



47 



A case ill wliicli tuniiiii is i-li)Ui{r^i) l>y purlial oxiiliition for the 
-^iike of removiiif; tlip iist riiifr^ot tnste is observed in the ruriri(r of 
ilie fruit of certain varieties of persiiimion (kaki) in Japan. Hy 
i!ie furtnj; prixe-ss, which consists in keei)iiijj tlie fruits in vapor of 
^ilcohol or in subjecting tliein t<i slow ilesicciXion in tbe sun, the 
iiinnin is clinnged. in contact witli an oxidizing enzyin and oxygen, to 
a brown, tasteless substance," Tbe fruit thus ac<iuire-s an agrveable 
1 aste. 

Since a moderate brown color is also produced in white "nibs," 
free of cacao red. it follows that the brown coloration is nut due ex- 
ilusively to a change of cacao red. If the production of the color is 
due to an incomplete oxidation of the tnnnin, then there will lie less 
tannin found in tbe cured cacao than in the fresh cacao. This 
iigrees, indeed, with some analytical determinations of J. H. Har- 
rison, published by Hart,'' Tho fat content is assumed not to change 
during the curing process, and this is in all probability the case. The 
(lata compiled under this condition an- as follows for (^alabaoillo 
cacao : 

Annlyj<i':< uf VnUiUm-WUi viu-au. 



A part of the changes brought about by curing is probably <iue to 
the action of the living cells in the seed, before they are killed by the 
rising temperature. This would account for the decrease of starch, 
jrhicose, and hemicelluloses, which may be. consumed by the respi- 
ration process, but the other changes are due to several enzyms. A 
proteolytic en?.ym brings on the det^rease of protein and the corre- 
sponding increase of amido-compounds, while oxidizing enzyms, gen- 
erally liberated from the protoplasm upon its death, cause the decrease 
of tannin and cacao red and theirlrhange to 'other compounds. The 
most conspicuous clianges are, therefore, only possible after the death 
i)f the protoplasm, which is a desirable factor. Hence, it is a mis- 
taken idea of Zipperer that the changes are due to a germination 
process of the seeds. He has even attributed the rise of temperature 
of the fermenting pulp cacao to this process, considering it analogous 
lo the behavior of barley on the malting floor. This error can only 
l)e explained by the fact that he has never witnessed the fermentations 
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of cacao or coffee; for geriiiinattoii cliunges are not 'm tlie leasl 
apparent. 

Another result is the change of Savor. In the fresli state the seeds 
have a raw, bitter, and astringent flavor, while after fermentation and 
drying the bitter and disagreeable taste has entirely <lisappeare<l. 
This change is doubtless due in a certain measure to the decrease of 
tannin; that is, to its change by oxidation to u brown substance, as 
in the case of the persimmon fruits, mentioned above." The flavor of 
the fermented beans is still far different from that of the prepare<l 
cacao product, which is produced by masting the fennenting beans; 
hence a part of the taste must be due to changes caused by the heat of 
the roasting process. 

The presence of oxidizing enzynis in the seeds of cacao can be 
proved by the usual reaction. T'pon moistening a freshly cut section 
of cacao seed with tincture of guaincum resin, just after taking the 
seed from the ripe fruit, a bhie color is rapidly produced, first and 
most intensely in the chalaza of the embryo and gradually spreading 
over the. entire seed tissue; also, the placenta shows soon an intense 
blue color. When a cross section through the whole fruit is moistened 
with guaiacum tincture, the chalaza of the embryo and the interior 
soft stratum of the fruit shell become rapi{lly and intensely bine, then 
follow in order the coloration of the convolutions of the cotyledons 
of the seed and the tissue of the hard outer .shell. Finally the whole 
surface of the section of (be seed and the exposed tissue of the testa 
become blue; but the slime tissue or pulp around the testa remains 
perfectly colorless, pre-senting a most striking contrast. 

If the tissue of the seed is crushed with some water in a mortar, the 
filtered liquid will show no blue coloration on addition of guaiacum 
tincture and shaking with air, while the unfiltered liquid will become 
blue very soon. This shows an exceptional case, namely, that the 
oxidase (laccase) is present in an insoluble state and perhaps held in 
combination with an insoluble protein.'' Upon standing the blue 
color, obtained with the unfiltered liquid, will gradually disappear, 
except on the surface, but on adding a few more drops of the reagent 
and shaking, the intense blue color reappears. This phenomenon is 
due to the presence of a reducing compound in the juice. 

In testing for a second oxidizing enzyni, the peroxidase, the tissu<' 
of the seed, crushed with a little water, was heated for five minutes tn 
75° C. and one portion of this liquid was filtered ; the other not. The 
test with guaiacum tincture yielded no blue reaction in either liquid, 
proving that the oxidase was killed, while on addition of a litth' 
peroxid of hydrogen the unfiltered juice gave an intense blue reaction 

» Tbe o|)lulon of Harrison mentlnnttd above that the tltKreiisc ot the astrlogeni 
taste la due to a hydrolyHlB ia erroneous and would be without analogy. 
*ThlB recalls the exlatence of a soluble and Insoluble forni_of catalase. 
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mid the filtered juico showed only a trace. This difference proves 
I'lat the peroxidnse, like the oxidase, was present, bnt retained as xn 
jiisoliible compound — an exceptional case. 

Reactions with gnaiacol were also triwi. This substance produced 
im coloration when applied by itself, bnt in conjunction with hydro- 
;:in peroxid a red color turning to brown was soon produced in both 
ilie hard as well as the soft layer of the fruit shell. I^ter, in the 
li'sta and the seed in general, as well as in the slime tissue covering 
the testa, only a weak, reddish coloration was pro<luced. This perox- 
idase reaction agrees also with that just mitntioned, in so far as the 
slime tissue gave only an exceptionally weak reaction compared with 
all other parts of the fruit. The slime tissue of the coffee fruit is 
also poorer in oxidase and peroxidase than the other tissues. 

The further generation of the characteristic aroma of cacao is of 
f:reat importance. Is this process due to the action of an oxidizing 
I'nzym or to that of a hydrolizing enzym, nud does the fermentation 
influence the generation of aroma only indirectly by the development 
of heat or directly by furnishing some conijwundt Or, is the roast- 
ing of the fermented cacao beans alone responsible for the aroma 1 
The investigations thus far made do not solve this problem satisfac- 
torily. It may be mentioned, however, that Hart " agrees with Chit- 
lenden,^ who declared that after a certain stage of the fermentation 
" the cotyledons are found separated and the vinous liquor of the 
[)ulp, which passes through the membranous covering, occupies this 
space as well as the cavities between the convohitions. • » • 
This it is which has so marked a physiological inffuence and affects 
ils flavor, the bean being, as may be said, ' stewed in its own juice.' " 

According to the laws of osmosis some acetic acid and some alcohol 
from the fermenting liquor will doubtless enter through the testa 
Mild come in contact with the cotyledons, which thereby may be 
iiilled, if the tem))erature of the fermenting maiss has not already 
;i I -com pi i shed this. The reaction of the cotyledons after drying the 
fermented beans is acid, but whether this is wholly due to the enter- 
ing acetic acid may be doubtful, since the reaction is weakly acid in 
(lie fresh state. A stronger acid reaction is shown by the slime 

The expression " stewed in its own juice " used by Chittenden can 
hardly be admitted, since the juice of the pulp, after being entirely 
Ji'composed by yeast and bacteria, is certainly not the "own juice" 
if the cotyledons. Still, that author attributes to it the generation 
)f the flavor. 



"Cacao. Trinidad, lUOO. 2. wl., p. 38. 
»Agr. Record [Trlnldadj, 2 <lSflO), p. 110. 
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The opinion of J. B. Harrison (see p. 42) that the decrease of tan- 
nin during the fermentation process stands in relation to the develop- 
ment of aroma (see p. 48) is certainly far from the mark, as tannin 
can not produce ethereal oils by any oxidation or fermenting proce^;*. 
Only color and taste stand in this relation to the tannin content. 

Several experiments were made by the writer with an aqueous solu- 
tion of 1 to 4 per cent acetic acid containing from 3 to 5 per cent 
of alcohol in order to imitate the composition of the fermenting pulp 
juice. After twenty to thirty hours digestion of pulped cacao at 4n' 
to 44° C. it was observed that the pulp had died and shrunk to skinny 
masses, partly separating in small pieces, but mostly still firmlv 
adhering to the testa. It appears that for bringing about an easy sepj 
ration of the dead pulp from the testa a l)acterial onzyin is necessary. 
as in the case of coffee fermentation. It was further observed tb:it 
the amount of acetic acid, which entered by osmosis through the testa 
to the cotyledons, was not sufficient to kill the oxidizing enzym, since 
the freshly cut surface of these seeds rapidly turned brown on ex- 
posure to the air. On the other hand, it was observed that when tlif 
freshly cut surface of the seeds so treated was moistened with 4 per 
cent acetic acid no further change by oxidation took place. In this 
case the oxidizing euzym was killed. 

Jt is stated by Hart " that " of late years there has been a larjjt 
amount of inquiry for cacao which is but slightly fermented or mil 
fermented at all." This renders it very probable that the decomposed 
juice of the slime ti.s.sue is not required for the generation of the aroma, 
as was supposed. Indeed, the true aroma of cacao is faint befoifi 
roasting the fermented beans. The case is, therefore, similar to tliiil 
of coffee, and is different fioin that of tea. With tfti the aroma is Hie | 
result of the action of a hydrolizing enzym, yielding the volatile tt-a 
oil, as was shown by Katayama. 

That the aroma of the cacao is chiefly produced during the gentle 
roasting pi-ocess is the opinion of manufacturers of chocolate from 
the fermented beans. The fermentation seems, indeed, to have noth- 
ing at all to do with the production of aromu. Seeds simply dried in 
the sun and then gently roasted may yield an especially rich and aro- 
matic chocolate, as Safford " has also indicated. Hart says; 

No adulteration • • • is equal to tUe liavot of (he virgin cacao, pw 
vlded the easeiitial oil has not been destroyed during tbe process ot roasting. 
during which process It aiipears to be developed.' 

The question now arises, \Vhich compound yields the aroma in tlie 
cautious roasting of the fermented cacao beans? It is certainly not 

"Cacao, Trinidad, 1900, 2. ed- p. 33. 

'Compare the quotation In the introductory remarks to this article. 

"Cacao. Trinidad, 1!K)0, 2. ed„ p. ill. These words contrndict lila otlifij 
opinion, however, quoted above In regard to the Influence of fermentation od| 
aroma. - o " 
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3 irlucosid, for neither the testa nor the cotyledons of the beans de- 
velop anything like a cacao flavor upon being boiled for some time 
with dilute sulphuric acid (3 to 6 per cent). The same negative result 
k:is obtained by boiling tht)se materials with moderately concentrated 
sohition of caustic potash. It seems probable that it is a certain con- 
comitant of the fat which causeti the production of the flavor, after 
ln'ing moderately oxidized during the drying of the beans. Only seeds 
in which the oxidizing enzyms have produced changes can yield the 
iriie aronia by roasting, not the fresh beans." 

In the ^naniifacture of the cacao powder of commerce the fat of the 
ca'^ao is removed more or les.s, since a siiiftible powder can not other- 
wise be obtained, but in the direct manufacture of chocolate this re- 
miival of the cacao fat can not Ik justifieil. It is claimed that cacao 
fat or cacao butter is difficult of digestion, but in reality cacao butter 
is iis easily digestible as cow's butter. Besides, the removal of fat also 
iliininishes the aroma of the chocolate. In the miinnfactnrc of choco- 
late in Porto Rico, fermented cacao seeds are placed in a small baker's 
fivcn for about one hour, until the testa have iMirome very brittle and 
am be easily removed. This roasting tenij)crature is kept consid- 
enihly lower than that required for baking bread. The cacao btilter 
is not removed in Porto Bico, and theiefore the chocolate mamifac- 
lin-ed there has an exquisitely fine sironm. 



- The fermentation process itself is due in the first place to yeast 
wlls which multiply rapidly in the saccharine juice <>ozing from the 
pulped cacao and produce alcohol and carl>on dioxid. In the second 
lihce bacteria participate, which develop rapidly after a certain time, 
ami change the alcohol formed by the yeast by oxidation, either 
ivliolly or partly, into acetic acid. These prmiesses cause a rise of 
tftiiperature and thedeath of the cells of seed and slime tissiie, whcre- 
iil">n the juice of the slime tissue, more or less altered, collects at the 
Uiltom of the receptacles, together with the acetic acid produced. 

The chief object of the fermentation is to shrink the slime tissue 
T pulp attached to the testa of the seed, allowing the remnants either 
lo be washed away, as is done in Ceylon, or dried upon the seed, 
forming an irregular brown film upon the testa. The ailvtfntage of 
thus changing the vohtminous slime tis.sue lies in the increased facility 
"f quickly drying the seed. In this regard there exists a close 
analogy to the fermentation of coffee. The loosening of the adhe- 

" Presh beniis were criisbed, washed with alcohol, and extracted with ether. 
^either the extracted fat oor the seed powder developed od moderate heating 
Kv tIaTor reBemhllug tbat of cacao; only the alcoholic extract yielded thus a 
my falot flavor of cacao. On evaporation ot the alcoholic extract another 
pri'iuatii: odor Is noticed. '-'' 
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sion between seed and its envelope and the hardening of this envelope 
(testa) are claimed as further effects of fermentation. 

The fermentation has also an indirect influence on changes going 
on within the seed, inasmuch as by the tempernture prbducoij 
(40° to '50° C.) the cells of the seeds are killed, thus liberating ihc 
oxidiziiig enzyms, whicli cause the formation of the brown color, Ijv 
oxidation of the tannin of the seed. This brown coloration is in- 
creased during the drying process and finally by the roasting. 

The taste of the raw cacao bean is not only altered by the parlijil 
oxidation of tannin during the fermentation or sun drying of the 
seed, but also by products of roasting. 

The action of oxidizing enzyms, as well as the final roasting proc-i 
ess, play a part in the development of the aroma. \ 

THE FERMENTATION OP COEPEE. ! 

j 

The so called feinientation of coffee has thus fai not been inve."!-! 

tigated, and his been dehned sometime is an " ilcoholic fermentji-j 





seed with silver skiQ 



tion necessaiy to remove the saccharine matter."" Such saccharins 
matter, however, hhould be easily removable by simply washing 
with water Upon close exammation the writer concluded that fhf 
aim of the " fermentation " is the removal of a slimy stratum firmly 
adhering to the parchment envelope of the seeds. The removal of thi? 
is necessary, because the drying of the seed envelope would otherwise 
be vei-y much retarded, and because a bad flavor may finally be im- 
parted to the seeds by the partial decay of the slimy stratum during 
the drying process. The process will be explained by examining tlif 
anatomical structure of the fruit. (Fig. 2.) 

Just below the skin of the fruit and extending between the en- 
veloped'seeds is a fibrous tissue containing a sweet juice. This p\\\\" 
together with the skin, is easily .separated by mechanical means frowl 

"Of. Wiitt, Plctlouary of the Economic Products of India, Calcutta, liSI,\ 
vol. 2, p. 476. I . ,L.<-KV'|c 
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(!io seeds, which are enveloped in a hard parchment. Adhermg to 
iliis parchment is a stratum of very slimy cells, the slime layer. 

The preparation of coffee for market requires the following manip- 
iilfitious : 

(1) Pulping to secure removal of the skin with the adhering tissue. 

(2) Fermentation to separate the slimy layer fi-om the parchment 
envelope. 

(3) Washing away the loosened slime. 

(4) Drying the envelope around the seeds, preparing for llie neres- 
suy brittleness for the next operation. 

(5) Hulling or milling, consisting in the x-eiuoval of the parchment 
envelope, with subsequent subjection to a fail to blow away particles 
iif parchment envelope ^d silver skin. 

The entire fruit is often called " dieri-y " from the similarity of 
form and color. The expression "pulped coffee" signifies seeds in 
the parcliment envelope with slimy layer. " Coffee in parchment " 
means tlie product after pulping, fennenting, and drying. The 
" bean " means the seeds deprived of parchment and silver skin. 

Fruits of red or yellow color should be picked for pulping, as only 
such furnish seeds of the desired bluish-green color. Green un- 
ripened fruit containing a hard pulp and little or no sugar should 
be excluded, but such fruit can not be entirely avoided, since some 
unripened seeds will drop off in gathering the ripened ones. 

The fruits ai-e well moistened with watfir when passing through 
the pulper, which easily separates the sltin and fibrous layer.- At- 
tached to the pulper is a conical sieve ("separateur") placed in a 
horizontal position, which retains the fruits which have accidentally 
escaped pulping, and they are carried back to tlie pulper." 

In order to understand the fermentation process it must be remem- 
bered that on the surface of all sweet fruits are a great many yeast 
cells and bacteria. When by the pulping the sweet juice is forced 
out and spread all over the separated skin, and over the pulped coffee, , 
it is not surprising that these organisms develop rapidly. The sweet 

<* It has been ppoposed to di'j the pulp and being it into commeree as a chea|) 
substitute for coffee. When pressed well to remove tlie cafEelii and mixed then 
witli luolaBses, it might serve as a food for hogs. GreshofC holds that the best 
application is as a manure and gives the following (composition in the air-dry 
state; 

I'.T WTlt. 

Caffein 1.1 

Carbohydrates 1 23. 3 

Albumlu - 7.6 

Cellulose _.-- 16.1 

Water _ ^- - 14.0 
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juice not only contains sugar, but also some nitrogenous and luinciiil 
matt«rs required for the development of organisms. 

An examination of the skin with a high magnifying power seveial 
hours after pulping shows numerous cells of Saccharomyces, whi(.li 
in form resemble chiefly Sacckaromycea elUpsmdeus and sometinips 
also S. apiculatua. 

Numerous bacteria are also present. Alcoholic fermentation c:iii 
soon be detected by the vinous odor, and the fact that the fermentation 
produces heat explains why the temperature of such a heap of pulp 
rises considerably after a time. A heap of nearly .'JO centimeters in 
height showed after sixteen hours a temperature of 41° C. at an Jiir 
temperature of 26" C. Ijater, acetic acid is formed and the red color 
of the skin is changed to a brownish one. 

AVheii the pulped coffee, on the other hand, is examined, few yeast 
cells and bacteria are noticed on the slimy stratum after one hour, 
while after sixteen hours an immense increase has taken place and not 
only is considerable alcohol formed by the yeast cells, but also acetic 
acid by certain bacteria, Mycodemia and the mycelium of fungi aiv 
occasionally seen. Litmus is reddened intensely and the odor of acetic 
acid is readily discernible. At the same time another volatile product 
is formed in small quantity, which modifies somewhat the acid odor. 

The alcoholic fermentation of the sugar adhering to the slimy stni- 
tum, as well as the further oxidation of the alcohol to acetic acid, and 
finally the respiration process carried on with considerable intensily 
l>y all tliese organisms.; cause a rise of temperature, depending upon the 
depth of the stratum and the temperature of the surrounding air. The 
heaps of pulped coffee are generally 1 to 12 feet high. In such hea])s 
the temperature was found after fifteen to si.\teen hours to range from 
34° to 42° C. at an air temperature of 25° to 29° C. 

The alcolioiic and acetic fermentations proceeding in the heaps of 
pulped cofi^ee are, however, not the most essential phenomena; the 
m6st important point is that the slimy stratum is separated from the 
parchment envelope. It is by no means dissolved, but merely loses its 
firm adhesion and is left loosely spread upon the parchment coffee so 
that it can easily be washed away by a current of water and the parch- 
ment coffee dried. 

Neither the acetic acid nor the enzym already present in the slime 
causes the separation of the slime layer, as tests have shown. 

Freshly pulped coffee was kept in dilute acetic acid (about 1 per 
cent) at 35° to 40° C. and another portion in some water containing ii 
few drops of ether to prevent bacterial gix>wth. In both cases thy 
- siimy layer was found still firmly attached to the parchment after 
twenty-four hours. This leaves no other inference but that a peculiar 
enzym dissolving the adhesive substance (a carbohydrate?) between 
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ll (■ parchment and the slimy stratum was furnished by the bacterial 
jriowth, or, what is less probable, by the yeast cells. 

The " fermentation " should not take longer in Porto Rico than 
lii'teen to twenty hours, while in some sections of Central America, as 
(iiiatemala, it must be carried on for two days. 

Undue prolongation of the fermentation must be avoided, as other- 
wise a brown coloration of the parchment and of the seeds is pro- 
duced; the seeds further acquire a disagreeable odor — two circum- 
iiiinces which render the product unfit for the market. 

After the fermentation and washing the parchment coffee is readily 
dried, either on cement floors exposed to sun and air, or lielter in ro- 
l;itiiig cylinders through which warm air passes. At a certain degree 
(if dryness the parchment becomes brittle and breaks easily in the 
milling process, which thus removes the parchment envelope and 
silver skin from the seeds. In fact, the milling must be done while 
ijie parchment is still warm. 

This milling is in many cases done in London and not in the coun- 
(ly where the coffee is produced. Better preservation of shape and 
I'liior of the bean has been observed when the latter is protected for a 
lime by the parchment envelope. The c<ist of transportation is in this 
ciise a little higher, but it does not come into consideration, as from 
*J to $3 moi-e has been realized jwr htmdredweight for coffee thus 
lieated than for that cured in Centra! America. 

In reviewing the so-called fermentiition of coffee the conclusion is 
inevitable that alcoholic and acetic fermentations are not of direct 
iienefit, but only mdirect, inasmuch as heat is thereby produced which 
supports the action of a body (enzym) furnished by the bacteria, 
which dissolves the adhesive substance between parchment envelope 
jind slimy layer. 
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ANNUAL PvEPORT OF THE PORTO RICO AGRICUL- 
TURAL EXPERIMENT STATION FOR 1908. 

SUMMARY OF IXVKSTHiATiON'S. 

Hy 1>. W. Ma\. S/.-.-hil ,\;i.nl i„ C/i';;,. . 
INTRODUCTION. 

Continued progress may be reported in agricultural conditionB 
in Porto Rico. This may be noted in the general growth in 
prosperity of the whole island and is further evidenced by the 
increase in exports, all of which are agricultural products. A 
constant increase may be noted in the value of exports from the 
year 1901 to the present. During 19(H the value of merchandise 
exported was $8,549,093. During the year 1908 the value of the 
exports was $30,601,639. This latter sum lepresfnts an increase 
over the exports of 1907 of $3,637,022. 

The total value of the exports does not tell the whole storj . 
The home consumption of many articles produced has greatly 
increased. This is due to the fact that the general prosperity 
of the whole mass of the population has been bettered, thereby 
increasing its purchasing power. The exports of some articles 
have fallen oif owing to local demand. In liKH there were 
exported cattle to the value of $457,983, while in 1S08 the 
export of cattle was valued at only $600. 

The matter of greatest importance to the station during the 
fiscal year was the providing of additional furds by congress for 
carrying out work already inaugurated and permitting the study 
of other questions of no less value to the progress of agriculture 
and the benefit of the Island of Porto Rico. Second in importance 
was the appropriation made by the insular legislature of $20,000 
for the erection of a building for the exclusive use of the 
experiment station. Since its inception, the work of the station 
has been carried on in an old sugar mill that stood on the 
plantation and which is whollv inadequate to the growing needs 
of the station. The erection of the new building, to be of cement 
construction and to stand on an elevation near the building now 
used for that purpose, is under way. This building, while 
supplying a very urgent need of the experiment station, is also 
an indication of the appreciation of the work of the institution 
by the people of Porto Rico. 

During the year a chemical laboratory was installed, equip- 
ped with a gas plant and water. This has been placed tempora- 
rily in the old sugar mill building until the new home for the use 
of the station shall be erected. A warehouse building has been 
constructed for the housing of fertilizers and machinery. This 
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has been built partly of brick, which were made upon the place. 
A dairy barn and silo have also been erected. 

The work of the station during the year has been essentially 
along practical lines. Agriculture in the Tropics has not had the 
study that it has received in the Temperate Zone. Many methods 
that are followed in more advanced countries of the world are 
still the subject of experiment in the Torrid Zone. It is necessary 
not only to study the improvement of agricultural operations 
under entirely new conditions but to prove the wisdom of the 
application of certain well-known principles that obtain in temper- 
ate regions. 

The greatest need in agriculture in the tropical regions of 
the earth is the improvement of the economic plants and animals, 
in other words, plant and animal breeding. The economic plants 
and domestic animals u-sually show- either no improvement, or else 
a positive degeneration. No other line of work promises such 
a reward for patient endeavor as the improvement of the dif- 
ferent varieties of economic plants and animals. With a con- 
tinuous growing season, plants are allowed to produce d"ecreasirig 
harvests from year to year through ratoon crops instead of being 
more frequently planted. Again, as seed time follows closely on 
harvest, economic plants are grown from bulbs or cuttings to a 
greater extent than in the Temperate Zone. This has a ten- 
dency to give decreased yields and to produce plants of lessened 
vitality. One of the principal lines of work, therefore, of this 
station is the propagation and dissemination of plantsand animals 
of greater productivity. 

Among the plants that are being improved by selection and 
breeding are the following: New varieties of sugar cane grown 
from seed, pineapples from seed: the cowpea for the purpose of 
producing a variety best adapted to the soil and climate of Porto 
Rico; improved strains of muskmelons, cucumbers, sweet corn, 
and other vegetables. 

Of no less importance to Porto Rico is the introduction of 
economic plants of other countries. (PI. I. fig. 1.) This line of 
work has been extended to a gref»t degree during the past year, 
and some of the plants mentioned in former reports have fruited 
for the first time in the trial grounds. It has been necessary to 
lay out a new orchard to receive the varieties of citrus and other 
fruits that have been introduced. Twenty-four additional va- 
rieties of mangoes have been received and planted. One hundred 
more trees of the grafted Indian mango have been planted in the 
grounds of the station, while a number have been sent out to 
different sections of the island for trial- 
Special attention has been paid during the year to the in- 
troduction and propatration of forest trees. There is a consider- 
able area of land in Porte Rico, lying between the fertile cane 
fields of the coast and the coffee groves of the interior, that 
yields a very small revenue to the owners. These hills and 
mountains have been denuded of their forest growth and because 
of heavy rains have become almost worthless. Experiments in- 
dicate that such areas can be reforested and that in this and no 
other way can they be brought to a state of productivity. Al- 
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ready a number of hills of this description on the station farm 
are showing the results of planting. Among the more promising 
trees may be mentioned the Indian mango, the eucalyptus, and 
the mahogany. On low grounds of the station there have also 
been planted groves of Gastilloa rubber, cacao (some twenty 
varieties), and cocoanuts. 

Djring the year a trip was made by the special agent in 
charge to the Leeward and Windward islands and the Spanish 
Main, visiting the Britishand French stations and Venezuela. Ab 
some of these stations have been established for more than a 
quarter of a century, a great deal of benefit was derived from 
their personal inspection and a study of the results attained. 
The horticulturist also made a trip through Cuba and Florida for 
the purpose of studying the methods of growing citrus fruits and 
pineapples. As the pineapple industry has become a leading one 
in Porto Rico, it was especially necessary to make a personal 
study of the methods of handling old pineapple plantations to 
obtain continued favorable results- 
It has been found advisable to take the experiment station 
to the plantations, and to best carry out this idea, cooperative 
experiments have been arranged in different sections with repre- 
sentative planters. These cooperative experimpnts are for the 
purpose of introducing new crops and studjing methods for im- 
proving the soils both by fertilization and manipulation. These 
experiments are under the direction of a number of the station 
staff, but the expenses are borne by the planters. Many valuable 
results have been obtained not only for the plantation where they 
are carried out but also for the neighborhood. They form a focus 
where planters may meet with the members of the station staff 
to discuss the methods employed and the results obtained. Some 
results along these lines are very striking. In one series of ex- 
periments in the fertilizing of orange groves, it has been found 
that different elements of the fertilizer affect not only the ship- 
ping quality but the flavor of the fruit- 

The growing appreciation of the Station and its work is 
shown by the largely increased correspondence and in the num- 
ber of visitors during the year. Requests for personal inspec- 
tion have been greater than it has been possible to supply. The 
extension of the Morrill Act to Porto Rico with the establishment 
of an agricultural college, which will be organized during the 
coming vear, will render assistance to the station in putting its 
results before the people, and also in supplying trained agricul- 
turists to meet the demands from progressive planters for skilled 
assistants. 

The greatest need of the station at the present time is to 
secure and hold well-trained men in its service. When a vacancy 
occurs it usually takes a long time to fill it and much valuable 
work is stopped. Again, when good men are secured the service 
should be made so attractive that they would not leave it for any 
slight increase in salary or betterment of location. 

The station is situated outside of Mayagliez, and it is some- 
what difficult for the employees to go toand from the City to their 
work. Could funds be secured for the purpose, it would be 
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advisable to construct a building on the station grounds for the 
housing of such employees as cared to live there and where those 
living in t!ie city could obtain luncheon at midday. Such a home 
would add greatly to the attractiveness of the service at the sta- 
tion. Occasionally experts from Washington visit the station for 
a greater or less time, looking into some special problems, and it 
would also be a great convenience if these investigators could 
secure comfortable temporary quarters. It would be to the ad- 
vantage of the station to keep such men as long as possible and 
to give them every facility for carrying out their investigations. 
SUGAR CANE. 

The greatest export in value of Porto Rico at the present time is 
sugar. This has shown a continuous Increasesince the American 
occupation. In 1901 the value of sugar exported was $4,715,611, 
in 1908 this amounted to $18,690,504. The value of molasses 
exported has been fairly uniform for seven years, but showed a 
great decrease in the past year. The exports of molasses in 1901 
were valued at $595,902, and these figures varied very tittle from 
year to year up to 1908, when the amount fell to $267,184. This 
is largely due to the manufacture of denatured alcohol, which 
is assuming some importance in Porto Kico. It is undoubtedly 
true that the abundant supply of low grade molasses furnishes 
one of the cheapest sources of denatured alcohol, and its consump- 
tion on the island is increasing rapidly. Some experiments made 
at the station show that it is by far the cheapest fuel availablo 
for cooking purposes. For many years Porto Rico has used 
charcoal in the kitchen and this has been largely responsible for 
the deforestation of the lands. Denatured alcohol is much cheaper 
than charcoal, and its use will prove an important factor in 
assisting to reforest many unproductive areas. 

The increased production of sugar has been brought about 
by the planting of more lands and by increasing the productivity 
of those under cultivation. The extension of cane planting can- 
not be very much greater owing to the fact that available lands 
are already nearly all taken up. The possibilities of increasing 
the yield per acre are more promising. Porto Rico has long been 
famous for the richness in sugar of her canes. The continued 
cultivation of this crop for so many years indicates the inherent 
strength of the soil. By the application of the methods of scien- 
tific agriculture no doubt the former fertility of the lands may be 
restored and the fields brought to the front rank in the yield of 
sugar. 

The results of experiments covering several years, which 
have been carried out in cane production at the station, have been 
incorporated in a bulletin soon to be issued. A few statements 
of the results may prove interesting here. 

As regards climate there are two cane growing areas in 
Porto Rico, one is the dry section, extending along the entire 
southern coast, where irrigation must be practised to get the 
best results, and the other is the rainy section, on the north side 
and the eastern and western ends of the island. The interior of 
Poi'to Rico, while well watered, is so mountainous that the question 
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of transportation has precluded the growing of canes except in 
valleys here and there where there ia enough land available to 
permit of the operation of small mills. One of the great needs of 
the dry section is more irrigation. Many of these fields are com- 
paratively new and they need only an abundance of water to permit 
of the production of maximum crops, A number of irrigation 
plants are in operation, but they are inadequate to the needs of 
the lands available for cane production. Bonds have been issued 
by the insular government for diverting the Manati and other 
rivers tt the south side of the island for irrigation purposes. 
This water will be sold to the plantations and the resulting 
revenue used for retiring the bonds. This project will result in 
greatly increasing the yields of the lands on the south side and 
a Id to the total production of sugar. These lands need fertili- 
zer less than others that have been cropped for a long series of 
years. 

In some cases the soils in the dry sections are impregnated 
with alkali. From the results of analyses made of a number of 
such soils, the planters are advised to use gypsum to correct 
this alkalinity and thus bring the soils into proper culture. The 
indications are that at a small cost these lands may be re- 
claimed. 

Most of the soils in the regions of lieavy rainfall i.re of a 
heavy tenacious clay. While fertilizers can be profitably used 
on most of them, at the same time it is highly advisable to im- 
prove their physical texture. The usual method of draining such 
soils is by open ditches, which must be made and cleaned con- 
tinually and at great expense. In most of these lands tiie drain- 
age could be very profitably adopted. The tiling of the low lands 
at the experiment station has proved very successful and may be 
classed as a permanent improvement, obviatintr the constant 
necessity of cleaning open ditches. Some planters are putting 
in tile ditches and the results indicate this method of drainage to 
be hierbly profitable- 

A great many of the heavy soils also require liming, not only 
to correct the acidity but to improve their physical condition and 
bring about better tilth. In lands where there ia a great deal of 
organic matter, this has proved very profitable, and has reduced 
the fertilizer bill by putting the soils in such condition that small 
amounts of manures are more affective than large amounts were 
formerly. In many instances liming has preceded fertilizing be- 
cause the physical condition was such that the sugar cane could 
not profitably utilize the fertilizers that were added. 

Comparatively Porto Rico has been long settled and the soils 
are very much worn, needing in nearly all cases the three ele- 
ments, nitrogen, phosphorous, and potash. Of all these elements, 
however, nitrogen is the most importantand its application governs 
the production to a great extent. As long as present prices of 
sugar continue the lands now devoted to cane will continue to be 
planted to that crop. This production of the crop on the same 
land year after year is against the best practices of agriculture 
and cane growers must study methods of overcoming the draw- 
backs in soils continualty subjected to a lack of diversificalion. 
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There is no resin. g period of several months, as is the case in the 
North, but when one crop of cane is removed another immediate- 
ly follows either from the old stubble or from immediate replant- 
ing. To add nitrogen to the soil, a series of experiments has 
b«en begun at the station in which certain legumes are grown 
between the rows of cane. These are planted soon after the 
canes are cut and the period covered extends from 60 days with 
cowpeas to the entire year with the sword bean. These crops 
not only add to the soil nitrogen, which is very much needed by 
the cane, but they improve the physical condition of the land and 
doubtless remove some of the toxicity of the soil produced by the 
old cane roots, should any such exist. 

In experiments in distances of planting, the close planting as 
is usually followed in Porto Rico has proved the most profitable 
method. The wide planting such as has been advocated in Cuba 
of late not only gave decreased yields but added to the expense of 
cultivation, owing to the fact that the malojillo grass had more 
sunlight and space between the rows of cane in which to grow. 

The experiment station is carrying on the work of breeding 
new varieties of cane by planting the little seeds in the arrow, 
and some very promising new varieties have been developed. 
F.)r several years the best seedling canes developed by the British 
stations, cuttings of which have been kindly sent us from time to 
time, have been grown and distributed. Some of these canes 
both in the laboratory and in car lots sent to the mill have proved 
much richer in sucrose than the old varieties of cane commonly 
grown in Porto Rico. Some of these canes in the island have run 
over 20 per cent of sucrose in the juice, and it is expected that 
further work along this line will finally develop varieties of cane 
that will average over 20 per cent sucrose in field trials. 
TOBACCO. 

The second export in value is tobacco. While the export of 
leaf tobacco has shown a great increase from year to year it has 
not kept pace with the increase in manufactured tobacco in the 
form of cigars. This is probably owing to the abundance of 
skilled labor available; and the export of cigars will likely in- 
crease over that of the leaf tobacco. At the experiment station 
the heavy soils do not produce a high quality of cigar leaf but 
produce a most excellent Buriey plug tobacco. The sections 
devoted to the production of cigar leaf are in the interior, notably 
from C^guas to Aibonito. There has been a steady increase in 
the amount produced and also an improvement in the quality. 
The production of wrappers grown under cheese cloth is in the 
hands of large companies. Filler tobaccos are produced not only 
by the companies but by a great many small planters who either 
sell their product cured or as cut from the field. There needs to 
be more scientific study made of the tobacco soils of Porto Rico 
for the purpos? of mapping them and more especially to deter- 
mine their fertilizer requirements. Owing to the distance and 
cost involved, the experiment station has not been able to carry 
o'jt any expp'-im^nt'i in the tobacco districts during the past year, 
T.iiP orto Rican American Tobacco Company has established an 
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experiment station near Cfiguas and during the coming y«ar this 
station will cooperate with them in several lines of work. During 
the past year different members of the station staff visited the 
tobacco sections advising the planters in regard to seed beds, 
fertilizers, and the proper fermentation of the crop. Seme 
analyses have been made of typical soils in tht tobacco growirg 
sections. 

COFFEE. 

There has been some slight improvement in the coffee 
situation in the last three years. Prices continue low, and 
owing to the heavy production of coffee in Brazil the outlook for 
the future is not bright. There has been some increase in the 
production brought about largely by cleaning, cultivation? and 
pruning of the existing coffee trees. V'ery few new irees are 
being set, and the coffee planters are seeking new crops to which 
to turn their attention. Under a separate heading will be found 
the report of the coffee expert showing the progress of the work 
at the substation in the mountains. {See p. 33.) Endeavor is 
being made to promote better agricultural methods with Porto 
Rican coffee. In the meantime in order to obtain better prices, 
it would be advantageous for the United States Gf)verrment, by 
reciprocity treaties, to secure for Porto Rico more favorable trade 
relations with countries that consume its coffee. A large part of 
the coffee is sold to Cuba and the rest to France, Spain, and other 
countries of southern Europe. The value of cntFee depends upon 
its flavor, and while Porto Rican coffee is one of the highest of a 
certain type, it is a class that is relished in some foreign c<iuntrieB 
more than in the United States. The consumers in the States prefer 
a highly flavored aromatic coffee like the Java. Tn order to meet 
this demand the experiment station has introduced and is grow- 
ing the best quality of Javas. Coffee growers are very much 
interested in this work, and during the past year a great many 
seeds were distributed among them for trial. This seems the 
best way to meet the market of the United States. 



It has been proved that certain sections of Porto Rico are 
well adapted to the production of a very fine quality of sea-island 
cotton. This industry, however, does not make much progress. 
There is a Iai^k of planters skilled in the production of this crop. 
Moreover, it is a crop requiring strong land and unremitting at- 
tention. Cotton growers are not disposed to spend such amounts 
for fertilizers as are found desirable in growing this crop on the 
sea islands of the Carolinas or in Georgia. With the same skill 
and attention in growing the crop, the returns in certain sections 
of Port! Rico would fully equal those obtained in South Carolina 
or Florida. The exports of sea-island cotton during the past year 
were $64,677, which is over double the amount of the previous 
year. 

Several hundred pounds of the best sea-island cotton seed 
received from the United States Department of Agriculture have 
been distributed among the planters. This is a crop adapted to 
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small holdings and an industry to be followed by the small farmer, 
as it requires but small capital and the women and children of the 
household can be employed in its production. It is a new indus- 
try, however, in must sections and gains ground slowly. Its 
especial needs are that the growers practice improved methods of 
tillage, the useof manures, and measures against the cotton cater- 
pillar. In growing cea-island cotton in the States very large 
amounts of fertillKer are found necessary and planters must come 
to a realization that such must be used here to get high yields and 
the best quality of fiber. The well-known means of combating the 
cotton caterpillar must also be followed. This pest is to he ex- 
pected and the planter should be prepared to meet it when it 
first puts in its appearance, otherwise severe losses will occur. 
The well-tested means if used promptly will easily keep this pest 
in check, and for that reason it is not to be feared as the cotton 
boll weevil which threatens the cotton industry in the Southern 
States but which does not occur in Porto Rico. 

Another fiber industry that should prove profitable over cer- 
tain areas in Porto Rico is the growing of sisal ■ This plant, which 
has proved very profitable in Yucatan, grows well in various 
sections of Port<) Rico and its production should prove a paying 
industry in the dry limestone districts of the south side. The 
insular government has, through theexperimentstation, purthastd 
100,000 plants for trial and is seeking to interest capital in taking 
up the industry in the island- Being a crop new to Porto Rico, 
it is difficult to interest planters in the business, especially as 
it requires considerable capital and it is necessary to wait three 
years for the first returns. During the year 75 acres were 
planted to sisal under the direction of the experiment station on 
some government land in an arid section of the island. These 
plants are starting to grow with every promise of success. There 
is a great deal of land now lying idle that is valuable for this crop. 
and it is the purpose to make of the present planting a commer- 
cial trial. Many acreij of land now nonproductive can be planted 
at a very low cost, it being found necessary only to cut and burn 
the brush, leaving a mellow and fertile seed bed. 

The importation of the palm from which the Panama hats 
are made has proved sjccessful. and a number of plants have 
been distributed among the oroducers of this class of fiber. In 
order to permit the making of the higher grades of Panama hats 
it will be necessary to grow the plants. An important industry 
of hat making has 'leen operating for several yearst the raw- 
material being imoorted from Colombia. That country, fearing 
a loss of her leading industry, has put an export duty on the raw 
material, thus causing the closing of the several factories located 
in Porto Rico. 

FORAGE CROPS. 

Po4-to Rico possesses two splendid grasses, malo.iillo or Para 
grass and Guinea grass. Experiments are being continued at the 
station with the object in view of obtaining leguminous crops for 
improving the soil and also providing forage for animals. Of 
these the cowpea is the most promising. A number of other 
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leBuminoua crops imported from various countries are under 
trial. (PI. II. figs. 1&2.) 

During the year the experiment station has erected a brick silo, 
the first on the island and perhaps the first in the Tropics. (PI. 
I. fig'. 2. ) The object of this is to test the practicability of ensil- 
ing grass during the season when it is most plentiful for use in 
the dry season; also to test the practicability of ensiling the tops 
of the cane during the grinding season. This material is now 
largely wasted, but if it could he preserved it would make a very 
valuable feed that could be utilized when needed. The silo has 
been filled with the malojillo or Para grass with indications of 
success. The silage is rather light to pack welt and the waste in 
the preliminary attempt has been greater than it should be. 
However, it is very probable that this can be overcome. The 
cane tops from the experimental plats will be ensiled during the 
coming grinding season. 

LIVE STOCK. 

As breeding cattle, those of Porto Rico are famous through- 
out the West Indies as being of superior merit. The exporta- 
tion of cattle for slaughter has entirely ceased because of the 
greater domestic consumption of meats and also the necessity of 
more work animals in the cane fields. 

The exportation of other animals has als<) practically ceased, 
those that are produced being needed for local use. The in- 
creased importation of animals and animal products indicates that 
many more can be profitably produced for local conpumplion than 
at present. With some changes in farm practice, the animal pro- 
ducts of Porto Rico can undoubtedly be very greatly increased. 
Besides grasses there are many waste products which can be 
utilized for feed, and the work at the experiment station indicates 
that animals tn a climate such as this can be produced with a much 
less outlay of feed than in the colder countries of the North. 

From importations made by the station the indications are 
that al! classes of live stock, including poultry, may be brought 
to the island from the States with comparative safety. The 
greatest danger is in the imnortation of cattle. The great draw- 
back to cattle is the tick. The native cattle are not bothered to 
any great extent as owing to their short hair the ticks cannot 
very well hidp themselves and are readily picked off by black 
birds which follow the cattle about the fields. Imported cattle, 
especially those having long hair, are infested to a much greater 
extent with ticks. This insect, however, does not appear in such 
numbers as on cattle in the Southern States. Moreover, as far 
as ob'Tvations go, no virulent case, of tick fever has been not- 
ed. With the importation of over 50 head of cattle for various 
parties through the experiment station no losses have occurred 
from this disease nor apparently have the cattle been ill from it 
or "off feed." Cases from other parts of the island have been 
reported as resembling tick fever, but if it occurs it certainly 
does not nosses the virulence, that it does in the States, 

Amsricqn cattle brought to Porto Rico should have better 
care than the native stock. The Porto Rican cattle can be turned 
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out to live on very scanty pasture, but with the coarse grasses 
and hot sun imported cattle must have better treatment. If it is 
desired to import Northern cattle for improving- the herds the 
breeder is advised under usual circumstances to bring bulls 
to cross with native stock. These bulla can be stall fed and 
under such conditions their importation is comparatively safe. 

A number of pigs and poultry have been bred and sold to 
planters in various sections of the island during the year. No 
unusual difficulties have been found in raising the improved 
strains, i igs have been sold at weaning time at $10 per heed 
and the demand has exceeded the supply. The same may be said 
regarding the introduction of poultry including turkeys, geese. 
ducks, and chickens. The foundation has been laid for a dairy 
herd and a dairy barn has been built. 
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REPORT OF THE HORTICULTURIST. 

Hy M. J. I.iK.vs. 
INTRODUCTION. 

Fruits ranked fourth in value among the exports of Porto 
Rico in ly08, and this is destined to be the leadinK industry, the 
results already attained being but a fraction of what may be 
expected in the years to come. Shipments of oranges showed 
an increase in value from $84,475 in 1901 to $630,72U in 1908. As 
the cultivated groves come into bearing this amount will be 
greatly augmented from year to year. The increase in pineapple 
exports has been remarkable for an industry of such recent 
development. The exports for 1907 were valued at $128,350 and 
for 1908 at $270,982. 

As the horticultural work of the station proceeds, the prac- 
tical problems incidental to a new country are gradually solved, 
and the work becomes more and more technical, hence the 
annual report becomes a report of progress rather than a dis- 
cussion of results obtained, while bulletins or circulars are issued 
giving the results in detail. During the past year a bulletin on 
pineapples has been prepared by the writer and his predecessor, 
Mr, H. C. Henricksen. A circular on the picking and packing of 
citrus fruits with packing diagrams was also prepared. 

In noting the progress of horticulture in Porto Rico, attention 
must again be called to the !,'reat need of trained help in the 
citrus groves. Many groves are coming, into bearing and the 
available help for the proper handling of the fruit is very 
inadequate. It is evident that the packing houses must be 
equipped with all the labor-saving machinery possible. Even 
with this there will be much loss due to poor handling of fruit 
until more help can be trained for the work. 

A horticultural society has been organized and the work of 
establishing standards for grading and packing begun and provi- 
sion made for inspection- Much preliminary work has been 
done, and it is hoped that by next year the recommendations of 
the society will be put into practice. The society has also taken 
steps toward the inspection and control of imported plants, eo in 
that line also results may be expected. During the year a paper 
called "The Porto Rico Horticultural News" has been established 
under the auspices of the society. The horticultural department, 
of the station, by means of this paper, is able to reach the growers 
with seasonable suggestions gathered from results of work at 
this and other stations. This is an extremely valuable aid in the 
advancement of the horticultural work in the island. 

- o 17 
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INSPECTION TRIPS. 

In order to gather data on pineapple and citrus fruit growing 
the horticulturist was sent by the station on an extended trip to 
Cuba and Florida. On the way. about a week was spent at 
variouspoints along the south and west shores of Santo Domingo 
and Haiti, and at the various ports abort trips were made into the 
surrounding country. Several vegetables and fruits of consider- 
able promise were collected and are now being tried on the 
station grounds. 

In Cuba most of the larger fruit growing sections were 
visited and considerable data gathered. Special attention was 
paid to the pineapple sections in Cuba where definite systems of 
culture and handling of the fruit have been worked out. 

The chief point investigated in Florida was the method of 
handling the fruit A large number of the more modern and 
complete packing houses were visited, and many valuable sugges- 
tions were received and data collected covering every phase of 
the fruit growing industry. 

Many trips have been taken to the various parts of the island 
for purposes of demonstration and advice. More of this valuable 
work should be done as the work of the department permits. 
This is especially necessary because of the large number of new- 
comers who are starting fruit plantations, 

COOPERATIVE WORK. 

In the cooperative work with citrus fruit growers some very 
interesting data are being obtained. The results cannot be def- 
initely reported until much more work has been done, yet they 
may be stated tentatively. (I). As indicated in last yesr's 
report, the effect of the complete fertilizers as compared with 
the incomplete is very marked. The dried blood as a source of 
nitrogen and potassium chlorid as a source of potash gave the 
greatest amount of vegetative growth. (2). In the bearing 
groves the legumes seem to be able to supply the major part of 
the nitrogen necessary, especially if the cover crop is plowed 
under. (3). The source of the different food elements and their 
relative proportions materially affect the quality of the fruit. 
The organic fertilizers gave a coarser fiber and skin, while the 
unbalanced combinations gave poorly flavored and insipid fruits., 
(4). The amounts of fertilizer and time of fertilizing affected 
the time of fruiting. 

Such are the chief points indicated by the work thus far. 
There are a number of other questions such as the effect of the 
fertilizers on coloring, flavor, juiciness, and other qualities, that 
are yet too indefinite to be stated. All this makes the subject of 
fertilizing one of the most vital prohlemc the grower has to solve. 
The excellent results being obtained from the cooperative experi- 
ments have led to the undertaking of a number of other fertilizer 
experiments both in cooperation with planters and in the station 
orchards. 

THE ORCHARDS. 

The work of experimenting with fertilizers, cover crops, and 
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culture in the orchards has been enlarged to considerable extent 
during the past year. 

In order to have true standards for comparison, a new citrus 
orchard was planted with the more general varieties of the vari- 
ous citrus fruits. These trees were guaranteed to be true to name 
by one of the most reliable firms in Florida. This orchard will 
also be used to test the comparative value of stocks, as part of it 
is budded on the sour orange, part on the rough lemon, and part 
on the Citrus Irifoliata, native seedings, etc. (PI. III. fig. 1. l 

Pruning and cover crops are beginning to yield results and 
these are being given to the planters as fast as determined. 
Already the growing of cover crops has become quite a general 
practice and the station is pushing the work in every possible 
way. Systems of alternating cover crops and clean cultivation 
to check the washing of the soil, to keep the fruit clean, and to 
increase the soil fertility, are being worked out both on the 
station grounds and in cooperation with the various planters. 

New plantings have been made of avocados, cacao, rubber, 
and giiavas. Thepe are all doing well and afford much more 
material for experimentation along needed lines. 

In the orchard of miscellaneous and introduced fruits, the 
Avcrrhiia caramhoUi, Liinimi rii'Uu>a ansjUHl.ifoUa, several of the 
new Anonas. THpha^ia wonuphiillti, Myrtiis trymnitoKOH. and 
SpondiaR a.riliarin all produced some fruit during the year. Some 
of these are very promising and will be propagated for distribu- 
tion. 

The number of improved mangoes has been increased by 
some twenty new varieties from different parts of the world. 
Prom those already in the orchard, over two hundred inarches 
have been made. Most of these have been used in making per- 
manent wind-brfaks about the citrus groves, but a few have been 
distributed to different parts of the island for trial. Several 
planters have tried transj laming native mango trees from one to 
four and even more inches in diameter. When this was done in 
the rainy season with a ball of earth and the tops were cut back 
severely, the loss was very small, while the gain in time was 
several years. Later it is hoped to find some way of working 
these treef! over to commercially valuable varieties. 

During the year, experimentation has been continued with 
the various forms of propagation, but a real commercial method 
aside from that of inarching still remains to be discovered. This 
work is of such importance that it will be continued. 

While aside from strictly horticultural work, its importance 
has led the departmenttodo considerable work with theeucalypts. 
Some thirty species are now on trial and a forest plat has been 
started for the purpose of studying their behavior. Considerable 
difficulty was experienced with the seedlings, and in connection 
with the pathologist, a series of experiments were undertaken to 
test methods for handling the plants from seed to setting out in 
the plat, and the troubles have been largely overcome. Much 
difference is being shown by the various species as to the hardiness 
and rate of growth of the seedlings. To find some quick growing, 
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valuable tree for barren hilltops and otherwise waste lands is a 
\ery important work. 

THE GARDEN. 

Following the lines indicated in the last annual report, con- 
siderable work has been done in the garden and much data 
collected. 

Many additional points have been brought out regarding the 
influence of seasons. One of the most peculiar of these is the 
effect on roselle. When planted from January to May, the plants 
began to bear very young, in some cases when not more than a 
foot high. If the fruit was kept gathered before maturing, suc- 
cessive crops were formed on new growth until June or July. 
Fruit bearing then ceased until the latter part of October, when 
the main crop was borne, after which the plants usually died. 
A few pi mts were induf;ed by heavy fertilization an'l cultivation 
to bear one more full cn>p early in December. If the seed was 
planted from May to August, no fruit was borne lintil the main 
crop was produced in October and November. The result of 
seeds planted from August to January remains to be determined. 
As roselle pi'omises to lie a valuable crop, more work will be done 
to further substantiate the above results. 

Corn is another crop that shows apparently erratic seasonal 
variations, which will be made a subject of further study. 

The grapes have made exceptioral growth and some results 
have already been determined in the pnning expfrin-enta, By 
two heavy pruningg, one in spring and the other in early fall, 
together with frequent bud pinching, three varieties huve been 
forced into bearing. Other varieties havp not beer' benefited and 
in some Ciir-es the effect seems to be negative. This indicates 
that much attention must be given to this phase of grape culture. 
Many cuttings have been distributed by the station and many 
plants have been imported by various interested parties. It is 
hoi)ed that in a few years grape culture will be an assured in- 
dustry. 

Work has been continued with the acc(imati2ing, selecting, 
and bree:ling of various vegetables. 

It is found that the grafting of the eggplant h not only prac- 
tical but advis^able, eppeciaily for home use. The best stock to 
be u^ed is thr.t of the Berengena cimarrona. In Jamaica they 
use the "suaumber," but it has not thus far proved very suc- 
cessful in Po: to Rico. The Berengena cimarrona is found in 
almost every part of the island and seeds can be readily obtained. 

The comm 'rcial plantings of muskmelona proved very suc- 
cessful, and m ich larger plantings are now being prepared for 
sprimr shipments. 

Chayotes have proved so successful in culinary lines that 
planting-1 have been made to test their market va'ue in the States. 

In the sandy soils of the north shore and of some portions of 
the south shore, onions have proved a very piofitablo crop and 
the acreage will, no doubt, be increased. The Spaniph type is 
the onion most planted. _ . _ 
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PINEAPPLES. 

A bulletin on pine.ippIcB has been prepared giving the results 
of the experiments and obaervationa thus far made. New work 
is under w.iy to furt'ier substantiate the leas well eatablislu'd 
conelusiona and to cle;ir up some of the points raised by the prst 
work. 

Many seedlings are being raised and a number of promisiog 
new varieti3S are being further tested. Six new varieties f n m 
Florida ha\e been re:e!ved and are doing well. Of these two 
give special promise and will be propagated for trial distribution 
as fast as possible, but several years must elapse before a large 
quantity of plants is obtained. 

Two new and interesting points are being brought out in the 
pineapple plantations. The first is that the Red Spanish does not 
adapt itself well to the heavy soils, while on the other hand Iho 
Cabezona seems to prefer such soils, providing the drainage is 
good. The second point is that some of the sandy soils are too 
fine grainel for good drainage and hence are not suitable for 
pines. 

The eflects of different fertilizers on the quality of the fruit, 
time of fruiting, and the exact fertilizer requirements of the 
different sc.il types nre being further investigated. The work of 
breeding a variety of spineless pines by selection is giving some 
promising results which warrant a continuation of the experi- 
ments. In new plantings it has been found advisable to grade 
the slips accordinif to size and vigor into at least three grades 
and thus stcure more uniformity in the maturing of the fruit. 

PLANT INTRODUCTION AND PLANT BREEDING- 

Among the plants experimented with during the past jear 
the following have given the best results: 

A strain of cucumbei-s of the White Spine type has been 
developed that is much more resistant to disease than the 
ordinary form and bears heavy crops of extra fine fruit- It is not 
uncommon to find fruits weighing two pounds and more and 
these have retained their firmness and color for three and four 
weeks. Seeds of these have been sent to various parties for 
trial, and the reports thus far received indicate that the strain 
will prove valuable. 

A strain of peanuts has been develojied by selection that has 
an extra fine, large, sweet nut, and in the trial plantings, has 
yielded at the rate of over 90 bushels to the acre. A few seeds 
ofthiss+rain will soon be ready for distribution and it is hoped 
that it may become a commercial crop. There is » good home 
market and besides its value as a nut the plant is a fine soil 
renovator. It should make a valuable addition to the list of 
cover crops especially for sandy soils. 

Three strains of cowpeas have been developed and samples 
sent out for trial. One of these bids fair to become a very ex- 
cellent addition to the already large number of varieties. It dif- 
fers from the general varieties in having a pod that is of a dark 
purplish color when ripe. It has made gcod growth aod matured 
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good cropB of seed when all the other varieties tried nearly 
failed. Besides these three strains, the station is acclimatizing 
several varieties of cowpeas and sword beans brought by the 
members of the station staff from Venezuela and sc^nie of the 
islands of the West Indies. Some of these promise to be of si.e- 
cial merit. 

The strain of "mel6n de China" mentioned in the last report, 
has been further developed by crossbreeding with the Kockjfoid. 
The resulting type has been propagated and many packages of 
the seed distributed for testing. The results thus far reported 
are very favorable. A quite striking result has been obiaintd 
by crossing the "melon de China" with the large native form. 
(PI. III. fig. 2.) 

An interesting point in plant breeding for disease resistance 
was discovered in this work. A large number of Blinn's best 
resistant strains of muskmelon were obtained through the kind- 
ness of the originator. Trial plantings were made of these and 
almost without exception the results were negative. In no case 
did the plants prove more resistant than ordinary ones. Further- 
more, native resistant typ;s have in two instances failed almoet 
entirely. As indicated in the last report, there seem to be 
periodic waves of intense disease ravages and at such times even 
the strongest plants succumb. Work is being continued along 
certain lines to determine, if possible, the factors and causes of 
these periods so that they may be guarded against. 

One variety of sweet potato has been found of sufficient 
merit to be distributed and another crop is almost ready for dis- 
tribution. Only a few reports of these have been received to 
date. 

Large numbers of trees of Barbados cherry ( Malpighia glabra) , 
Otaheite gooseberry (PhyUantkus disticha) , Surinam cherry {Eu- 
genia mitchelii), Amatanguta [Carissa arduina). and Loquat 
{Eriobotrya japonica) are being propagated and distributed as 
valuable additions to the household orchards. A number of spe- 
cial types of guavas have also been distributed. 

It has been proved that root cuttings of the breadfruit can be 
made, and also that new plants may be obtained with more cer- 
tainty by a modified form of root cutting. This is done by clearing 
away the soil and exposing the larger roots for several feet, after 
which they are severed about two feet from the tree and the ends 
left exposed. In a short time new plants will start from each 
cut end. When these are well rooted they may be cut free and 
transplanted. By this means a number of new plants have been 
obtained from the seedless breadfruit. 
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KEPOUT OK THE ENTOMOLOGIST. 

Ry \V. V. TowKH. 

Many trips have been made into the fruit, sugar-cane, and 
coffee districts of the island to investigate various crops which 
were infested by insects. Those infesting the orange and pine- 
apple have occupied most attention, and a number of new lines 
of work have been taken up, among them, the fumigation of 
pineapple slips for the mealy bug, the destruction of ants in 
pineapples and oranges, also testing the various oil emulsions 
used by planters, to determine at what stages the purple and 
white scales were killed by the various strengths and the number 
of sprayings necessary. 

Miscible oils are being tested, many of the formulas proving 
far superior to the kerosene and crude oil emulsons. A few of 
the planters are now purchasing ingredients and making these 
emulsions. From the results in the experimental and demon- 
stration work in various groves, it is recommended that the 
miscible oils be given a thorough trial in combating the various 
scales. These oils have been used on the white scale with 
exceptionally good results. At present the ingredients for mis- 
cible oils have to be obtained in the States, but it is expected 
that soon some of the firms on the island will carry a complete 
stock. 

ORANGE PEST. 

The hemispherical scale {Saissetia hemispkaerica) can be 
found only in limited numbers in the groves at present and is not 
causing any trouble. In the protected groves it is being held in 
check by fungi. 

The purple scale (.Lepidosapkea beckii) is causing a great 
deal of trouble in all plantations not protected from the wind and 
where systematic spraying is not practised. The life history of 
this scale has been worked out. It takes the female scale from 
56 to 65 days to develop and produce her young. The male scale 
reaches maturity in about 35 to 40 days. From observations 
made throughout the year it was found that the young appear at 
no definite period but at all seasons. On account of this con- 
tinual appearance of young, no definite time for spraying can be 
followed as with other insects. 

Life history.— The eggs are very small and pearly White, and 
from 30 to 75 in number. The laying continues over a period of 
8 to 11 days, the first eggs hatching before the last ones are laid. 
Some eggs kept in the laboratory did not hatch until the 18th day, 
while others under the same conditions hatched in 8 days. 
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The young usually crawl from 12 to 14 hours, after which 
they insert their beaks into the epidermis of the leaves, branches, 
trunks, and fruit, and at once develop a covering of white waxy 
threads. Under this coat or covering they remain for about two 
weeks, when they form a second covering. At the end of three 
weeks the male scale can be distinguished fn m the female. The 
adult male appears in about five weeks and can be seen with the 
aid of a glass crawling over the leaves and branches. At this 
period the females are not fully developed, it requiring seven to 
nine weeks. At the end of this time they are found with eggs. 
Individual cases were observed where females developed with 
full seta of eggs in seven weeks and the eggs commenced to 
hatch in eight weeks, thus making the life history nine weeks. 
Other insects under observation at the same time and raised under 
the same conditions took ten weeks. 

The male scale is much smaller than the female, being about 
1.5 mm. long and 0.5 mm, wide. Color, reddish-brown to dark- 
purple. 

Adult female scale, dark-purple or reddish-brown; size, 2,5 
mm. to 3 mm. long; breadth varying from 1 mm. to 1.5 mm. The 
female scale looks like a minute oyster shell and for this reason 
is often called the '"oyster shell scale." Itshould not, however, 
be confused with the oyster shell scab of the North, as they are 
quite distinct species. 

The purple scale has no definite seasons for producing its 
young. Crawling young have been found at all s.-asons of the 
year here at the station and also in various groves over the island. 
On account of this irregular appearance it is very difficult to 
accomolish thorough spraying. The adult scales and eggs are 
not killed by any of the emulsions heretofore used by the planters. 
It is now recommended to those who are using kerosene and 
crude oil pmulsions to repeat their spraying in about twenty-one 
days, thus leaving ample time for the females which escaped the 
first spraying to deposit their eggs and for these eggs to hatch so 
that the larvae may be killed by ths second application. This 
method of spraying has been used by a number of planters with 
very satisfactory results. 

The red scale (Chryaomphalua ficus) has been sent to the sta- 
tion for determination a number of times during the past year. 
This insect is much harder to kill than the purple scale, but the 
young seem to come forth at a definite period- The life history 
of this insect has been worked out and it was found that the female 
develops in about the same time as the female of the purple scale. 
The male scale develops in about 35 days and crawling young 
generally appear in from 52 to 58 days. The complete life history 
of this insect will be found in a bulletin to be issued soon. 

White scale {Chion(i,spiscitri). During the past season this 
insect appeared in a great number of the older groves, and at the 
present time is causing the planters a good deal of trouble. The 
life history of this insect has been worked out, and it requires 
about the same time to complete its cycle as the purple scale. It 
does not yield so readily to the sprays as does the purple scale. 
The first infestation is found on the trunks and large branches- 
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The young spread more slowly than the purple scale, gradually 
working up into the tops of the trees. This insect is not preyed 
upon by the same or as many fungi as work upon the purple 
scale. There is one fungus, however, which has been found 
preying upon the white scale, but it operates very slowly. 

One spraying with kerosene emulsion, 1 to 5, does not kill 
the mature female scales with eggs, but the young with their 
first and second covering are destroyed. The seme can be said of 
crude petroleum emulsions, 1 to 18. It is, therefore, recommended 
that a second application be made at the end of about three 
weeks. If there is fruit on the trees a different formula should 
be used. A kerosene emulsion, 1 to 7 or 8, or crude oil emulsion, 
1 part of stock solution to 20 parts of water, should be used, 
three applications being made at intervals of three weeks. It is 
also advised that this spraying should be carried on at a time 
when there is little fruit on the trees, preferably about the time 
of blossoming. One spray should be applied one week before 
the blossoms open, the next two sprayings at intervals of three 
weeks. 

It has been the practice among the planters to defer spraying 
until the trees are in a bad condition. 

This is not a wise practice, since many of the trees are 
coming into bearing and the fruit will surely be covered with 
scale and will have to be washed. It is well known that washed 
fruit is ni)t equal to clean, unwashed fruit. Some trees have 
fruit on them all the year, but it seems best to do systematic 
spraying at the time when the blossoms set, so that the coming 
crop will have a clean start. If the scale appears later there are 
a number of sprays that may be applied to check the scale and 
not injure the fruit. 

The rufous scale (Faeudaonidia articulntas, i was first sent 
to the station during the past year. Since that time it has been 
found in ffime of the groves, causing a little trfiuMe. It appears 
on the under side of the leaves and also on the fruit, but it is 
very seldom found on the branches. This insect can be held in 
cheek by using the same remedies as recommended for the purple 
scale- 

Orange leaf-weevil, (Diaprepe-'* apengleri.) This insect was 
described in the annual repoit for 1907 as appearing during the 
latter part of May, hut it has since been observed in great num- 
bers during November, there being two broods during the year. 
A few of these insects can be found at all seasons of the year. 
The orange is not its only food plant; it has been found feeding 
on the guava, mango, and the blossoms of the rose. 

The "vaqutta." a small green beetle, has been causing a 
good deal of trouble in the orange groves on the northern coast. 
It is not found on the west coast. It feeds upon the young, ten- 
der leaves and also has been reported by a number of planters aa 
scarring the young fruit. Arsenate of lead is being used to com- 
bat it. at the rate of 3 to 4 pounds to 50 eallons of water, and the 
the planters are reporting that their fruit is practically free from 
scars. 

"Caculos" and May beetles are causing a great dwl pf 
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trouble in the young groves, and one or two cases have been 
reported where young trees have been defoHated. The caculo is 
the larva of the May beetle and works on the roots of the tree 
while the beetle works on the foliage. In the older groves the 
beetles have much more to feed upon and the damage is not so 
marked. Many of the planters are hand picking the insects, 
while others are spraying with arsenate of lead. Where thetreea 
are small, hand picking seems to be more economical than spray- 
ing and better results are obtained. Arsenate of lead may be 
added to Bordeaux mixture or it may be used with kerosene 
emulsion. 

PINEAPPLE INSECTS. 

The mealy bug has been found in all the pineapple sections of 
the island, (PI. IV. fig. 1) but in the district of Carolina they 
are causing very little trouble. 

During the past season Circular Nq. 7 was issued on the ants 
and mealy bugs in pines, and the emulsion recommended has 
been used by many planters with good results. 

Previous to the planting season the slips and suckers of the 
old plants were found badly infested with the mealy bug. A 
number of tests were made with kerosene emulsion as a dip, but 
this did not prove wholly satisfactory as sometimes the mealy 
bugs would survive the treatment. 

Carbon bisulphid was tried for fumigating, but this proved 
very unsatisfactory. The gas, being heavier than air, sinks to the 
bottom of t'le box and the insects in the upper part are not 
killed. On examining the fumigated plants, it was found that a 
very high psr cent were injured, especially the Cabezonas. The 
Red Spanish slips and suckers were not hurt, except those which 
were fumigated for an exten:3e.l period. 

Hydrocyanic acid gas was used for the fumigation of slips 
and suckers on a small scale with very satisfactory results. On 
account of the scarcity of plants the tests made did not seem suf- 
ficient to thoroughly justify the treatment, so the experiment 
was continued in cooperation with a planter. Ten thousand 
slips were offered for the tests and were run through the fumigat- 
ing box with various strengths of gas. Some were planted im- 
mediately and others after having been left in the shade for a 
while. After these had been in the ground three weeks 40,000 
more plants were fumigated. The growth of the slips seemed to 
be retarded a little, especially in the first 10,000 but this was not 
wholly the effect of the fumigation, as the slips were planted in a 
very dry period. The group of 40,000 were planted during the 
wet season and started up much more quickly. Of the 50,000 
plants fumigated a very small percentage was lost and hardly 
any were seriously injured. The mealy bugs in all stages were 
killed with one ounce of potassium cyanid for every 100 cubic 
feet. 

A number of plants were taken from the box and immedi- 
ately placed in the sun light; the leaves at once became yellowish 
white and in a few weeks dried up. The hearts of these plants 
and lower parts of the left ves were not injured and in a few. weeks 
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were sending out roots, although they were not planted. This 
discoloration will not appear if the plants are left in the shade at 
least 24 hours after fumigation. 

It is not advisable to fumigate wet plants, as the moisture 
which collects between theleaves forms an envelop that prevents 
the gas from passing down to where the insects are working. 

For this fumigation a box containing 75 cubic feet was used 
and proved to be a very convenient size. Plants for the fumiga- 
tion tests were gathered in sacks in the fields and brought tothe 
box and fumigated without being emptied. After the fumiga- 
tion the plants were removed from the sacks, sorted,- and placed 
in bins according to size. The same results were obtained with 
plants which were first stripped and then fumigated. Where a 
great many thousand are to be furigated it is more convenient 
to run them through before stripping, as the plants can be sorted 
later as needed, while if they are stripped first they nnist be 
planted very soon after the fumigation or they will spoil. It is 
not always convenient to plant at once, so it is recommended to 
fumigate, size, and strip, just before planting. 

COFFEE INSECTS. 

A coffee weevil has been found the past season in a number 
of the plantations around Ponce, and in seme districts the idnn- 
ters complained that it did a great deal of damage. S< nie of the 
trees attacked were defoliated Irut soon put out new It avts and 
shortly appeared as if they had recovered. A study of this insect 
will be made next season. 

The cofFfe stem borer was sent to the station for identifica- 
tion. At i)resent it is not causing any serious trouble. ?( me 
damage is reported in one or two localities. This borer has other 
host i)!ants. among them are the orange, citron, rose apple, and 
sweet almond. To destroy the insects run a flexible wire in the 
holes. 

BEES. 

During July, 1908. the station purchased five nuclei of Ilalian 
bees in the States. They arrived in very good condition and were 
at once transferred to JO frame hives. From time to time ad- 
ditional frames were added to the hives and by the first of Octo- 
ber the bees began storing honey. Honey board? were put on 
with supers and by December 13 they were full. Thus in five 
months each nucleus had developed sufficient bees to raise brood 
and to develop 17 frames of comb. 10 of which were filled with 
honey. 

The honey extracted has been of two grades; that collected 
from the general bloom of flowers has been classed as amber, and 
that which comes from the guama, white. This tree is used ex- 
tensively in coffee plantations for shade, and honey from it is 
said to compare very favorably with basswood or linden honey. 
It is a heavy honey plant and blooms three or four times during 
theyenr. Other plants or trees which produce heavy bloom or 
honey flows are the coffee, having from three to five short bloa- 
somings; the mango, one blossoming; the orange ana grape- 
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fruit, generally two blooms; and the royal palm and cocoanut, 
several blooms. 

The bees have not gathered honeydew up to the present time 
and it does not seem probable that they will as long as there are 
plenty of flowers. If at any time they should collect it in large 
quantities, it would be better to feed it back to them and let them 
make wax. 

Most of the bee keepers are located in the interior, although 
there are a few apiaries along the coast in the lower foothills. 
The interior part of the island is the best locality, as the 
blossoming is more abundant. Any part of the island, however, 
is adapted to bee raising, except the south coast, where it is very 
dry and where at certain times of the year it would be necessary 
to feed the bees. 

In the coffee sections where bees are kept it is said that the 
cotfee is always much heavier than in sections where the pollen- 
ization is carried on by the wind. This has been noted especially 
in seasons of continual rainfall at time of blossoming. During 
heavy rains the pollen cannot be blown from blossom to blossom, 
which results in scanty setting of fruit. Under such conditions 
bees are very valuable, as they carry pollen whether the weather 
is wet or dry. 

In Brazil it is reported that each coffee plantation has its 
bees and when the place is sold they are considered a fixed part 
of the property. 

Another industry which seems esoecially adapted to Porto 
Rico is the raising of early queens for the Northern market. 
Queens can be raised here at any time of the year as we have no 
season when the bees do not work. 

MISCELLANEOUS NOTES. 

The guavas have been attacked during the past season by 
the mealy bug. A number of sprays were applied and it was 
found that kerosene emulsion, 1 part of stock solution to 6 or 7 of 
water, was very effective. These insects probably make the 
punctures on the young fruit through which the fungus enters 
that produces the mummy disease. 

Great numbers of thrips have been observed on the underside 
of mango leaves. Their punctures probably allow the entrance 
of spores which produce anthracnose. 

The following formula has proved very effective for destroy- 
ing ants' nests: 1 pint of crude carbolic acid (100 per cent cru- 
de), J pound of whale oil or common laundry soap, and 1 
quart of water. 

Dissolve the soap in one quart of boiling water and add the 
carbolic acid and sufficient water to make a stock emulsion of two 
quarts. Use one pint of stock to 6 gallons of water. One spraying 
of ant hills is not sufficient, as many of the ants are away in the 
field at the time of the first spraying. These, upon finding their 
home destroyed, build a new nest close to the destroyed old one- 
A second spraying should be applied the next day when the ants 
are preparing their new home. 



REPORT OF THE CHEMIt>T. 

Hj- P. L. (.Jii.K. 

INTRODUCTICm. 

The chemical work the paat year has been somewhat mis- 
cellaneoua in character, as an attempt has been made to accom- 
plish something besides the routine analytical work. The first 
part of the year was spent in fitting up the laboratory, installing 
a gas machine and other apparatus. Along with the analysis of 
the samples sent to the station and the chemical work done for 
the other departments, some research has been conducted r>n the 
catalase content of soils. The results of this investigation will 
be published separately. 

The analytical work can be summarized as follows ; 
'■Si eomplete aiialysea of solltt. 

^) aualyaes oreoils for uue or two cuiiHtUueiitH only. 
4 " " limestoues. 

in " " bat ^uauoH. 

ti " -' eomiuercial f«rtill/era. 

2 " •' rertitl/.lug materiaJB. 

1 miiieral aiialysie of water. 
19 aualyeeH ofcltius fruits for liber au<l acidity. 

21 " ■' sugar catiBS. 



A complete chemical analysis has been made of 23 soil sam- 
ples, and an equal number have been examined in a general way 
tor acidity, lack of humus, etc. While the idea has been to se- 
cure a knowledge of the chemical composition of the various soil 
types of the island, it has not been possible nor advisable to 
make a complete analysis of all the soil samples sent to the station 
inasmuch as the chemical analysis of a soil is a long and expen- 
sive piece of work. Such analyses have only been made when 
the soils have presented unusual features. 

Many of the soils which have been studied, particularly the 
heavy clay cane soils, have proved to be acid. For such soils 
liming has been recommended, with the idea of neutralizing the 
acidity and at the same time of improving the physical condiUon. 
A plat experiment was started at the station to observe the effect 
of liming a soil of this character. Unfortunately the cane was 
blown down by a high wind before it reached maturity, so that no 
quantitative data could be obtained. The beneficial effect of 
liming, however, was quite apparent. . 

Several samples of very unproductive soils were received 
from the vicinity of Ponce and Santa Rita. On analysis they 
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were found to contain an abundance of humus and plant food, 
but to have a strong alkaline reaction. In this case a heavy ap- 
plication of gypsum was recommended, as Hilgard has found 
this beneficial in treatinj? similar soils of California. The bene- 
ficial action of gypaum lies in the fact that it reacts with the 
alkaline carbonates of the soil, changing them into the less in- 
jurious sulphates. The results of this treatment will not be 
known until next year. Such alkaline soils occur only in spots 
and to no great extent on the island. 

Field experiments have been made on the behavior of lime and 
gypsum on Porto Rican soils and also on the stimulating effect of 
carbon bigulphid on sugar cane and pineapples. The results of 
the experiment on the stimulation of pineapples by treatment of 
the soil with bisulphid have been such as to warrant the repeti- 
tion of the experiments on a larger scale the coming year. 

BAT GUANOS. 

Bat guanos are found in many caves on the island and often 
in considerable quantity. The characteron of these deposits varies 
greatly, depending on the age and amount of leaching that they 
have been subjected to. Some samples that have been examined 
hive suffered practically no decomposition, while others are so 
completely decomposed that they contain almost no trace of 
organic matter. These latter appear like a reasonably pure 
limestone or sometimes like an ordinary ferruginous soil, the 
only evidence of the former accumulation of organic matter being 
the high phosphoric acid content. 

Below are given the analyses of sixteen samples of guanos 
received from various parts of the island. 

ANALYSES OF PORTO RICAN EAT GUANOS. 
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The volatile matter in the above table is not to be taken as a 
true indication of the amount of organic matter contained in the 
guano since in many cases the volatile matter consists largely ot 
C 0. evolved from the carbonates present. 

Only two of the samples, Nos. 28 and 65, contain appreciable 
amounts of nitrogen, and in these two cases the nitrogen is large- 
ly present in an unavailable form. From a microscopical ex- 
amination it is evident that the samples are composed of frag- 
ments of insects that have suffered no decomposition. The chief 
chemical constituent of these fragments is chitin, a substance 
containing about 7 per cent of nitrogen. As chitin is exceeding- 
ly resistant to decay, the nitrogen that it contains must be re- 
garded as unavailable. Experiments at the University of Tokyo 
have shown guanos whose nitrogen is all present in the form of 
chitin to be practically worthless. 

Sample No- 65, however, contains beside the nitrogen present 
in chitin at least 4 per cent of nitrogen in another form, probably 
in urea and uric acid, which is readily available. 

It can be seen that none of the samples examined contain 
much potash, many of them being but little richer in this element 
than the ordinary soil. In fac;, it is very rarely that cave de- 
posits of this kind contain as much as 2 per cent potash. 

From the guanos that have been studied thus far it appears 
that most of them have iitttle value as nitrogenous or potash fer- 
tilizers, but that they do contain sufficient phosphoric acid to 
make them valuable as phosphatic fertilizers. 

The 3xact value of the phosphoric acid contained in the cave 
deposits as compared with other forms of phosphoric acid is not 
known. In most cases it is probahly much less than that of the 
commercial forms. An attempt will be made to ascertain this 
the coming year. 

Some of the cave deposits contain considerable lime which 
gives them an added value, particularly for acid soils. There 
are also many cave deposits with a considerable iron content. 
These are less valuable than those containing lime, since the 
phosphoric acid in this case is largely present in the insoluble 
form of ferric phosphate. 

FERTIUZERS. 

Since there is no law in force on the island providing for the 
inspection and certification of commercial fertilizers, very few 
samples have been analyzed this year. But from the few ana- 
lyses that have been made and from the reports of the planters, 
who are using commercial fertilizers quite extensively, it is evi- 
dent that there is a crying neei for such a law protecting the 
buyer. 

Cyanamid has been tested for deterioration on storage under 
the conditions existing in Porto Rico. This is a high grade 
nitrogen fertilizer formed from atmospheric nitrogen, coal, and 
limestone. 

A ton of cyanamid was received at the station the first of 
January and on May 1, twosamplesof it were taken, one represen- 
tative of all in the bin and one from the Buperficial layer only. 



S2 PORTO BICO AGBICULTUHAI. EXPEHlilEVT STATION. 

These samples wen.' not analized until Aug:uBt 8. As the sample 
jars were not absolutely air tight there was probably some loss of 
nitrogen during the three months pending analysis, but this ioss 
could not have been so great as the cyanamid would have suf- 
fered under ordinary conditions of storage. Analysis of the 
sample representative of the whole lot gave the nitrogen content 
as only 13.05 per cent instead of the usual 19 per cent or more. 
The sample of the superficial layer ran lower still, yielding only 
9.48 per cent nitrogen. 

The cyanamid stored in the bin was again sampled on Decem- 
ber 10. As before a sample was taken of the superficial layer and 
one representing the whole amount. The sample of the whole 
contained 10.89 per cent nitrogen and that of the superficial 
layer only 9.44 per cent. 

It is very evi jent that cyanamid deteriorates rapidly in this 
climate where the temperature and humidity are uniformly high. 
It is probable that the cyanamid undergoes a decomposition dur- 
ing storage similar to that which is supposed to take place more 
rapidly in the soil. At all events the final product of the decom- 
position and the form in which the nitrogen escapes is ammonia. 
The evolution of ammonia takes place to such an extent that it 
c^in readily be smelled after a portion of cyanamid has been 
confined for a time; and moist litmus is quickly turned blue. 
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HKPORT OF THE COFFEE EXPERT. 

Jl.V J. \V. VAN I.KKNHIIKK. 

Storms during the last months of 1906 and in March, 1907, 
very dry weather during April, 1907, and abnormal heavy rain- 
fall during May, 1907, followed by hail in September at the 
beginning of the harvest, were so many factors that influenced 
in making the coffee crop less abundant than last year's. 

The bananas planted last year as provisional wind-breaks 
have now grown up and formed an efficient protection for the 
young coffee during the strong winds in the beginning of 1S08, 
These provisional wind-breaks seem also to have greatly benefit- 
ed the growth of the young permanent wind-breaks planted be- 
tween the rows. 

Of the insect pests, weevils have done much damage on the 
substation and surrounding plantations, especially at altitudes of 
about 2000 feet above sea level and over, mainly in the young 
coffee, several patches of which had the leaves and green parts 
of the twigs entirely gnawed off. and even young green berries 
were destroyed to some extent. 

Borers are doing a great deal of harm to the guava shade 
trees in several important districts, in some cases entirely des- 
troying them. During a visit to the Utuado and Coamo coffee 
districts hundreds of dead or dying shade trees were seen. In 
these same districts the coffee leaf blight is very apparent as 
shown by the numerous brown leaves hanging by shreds. 

Coffee leaf miners, although everywhere abundant, seem to 
be kept in check by their parasite. 

IMPROVEMENT OF AN OLD COFFEE GROVE. 

The yield this year, from a renovated coffee grove, was only 
a,472 pounds as against 4,349 pounds in 1906—07. The blossom- 
ing of May, 1908, indicates, however, that the next crop will be 
much larger. 

All former experiments were continued during the year, 

COST OF GATHBEING AND PREPARING 100 POUNDS OF COFFEE 
READY FOR MARKET. 

Cost of picklDg $ 1.40 

" '■ field labor 2 55 

PreparHtlou for market 7& 

Traaspurtation from field 20 

" " pi ant at Jou to Ponce HJi 

ToUl cost per lOOpouDds .$ 6-271 

Average prioe obtained per 100 poundB I 11.2it 
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EXPERIMENTS WITH NEW PLANTINGS. 
COST OP PLANTING COFFEE IN PORTO RICO. 
KxpeiiHeH jivT aere Tur rmirlti year, IWIT-lls 

4 weeiiiiiUH. at *:; ¥ >*.W 

I hoeiii({ iietwtjeii tvwu 4.44 

Total expeiiHCH fnurtlL year... * 1:;.44 

Tliere wutt gatliereil in tlie 4tli year :!I4 il>H. I'lillee 
pruduiied by i;,416 youiig tretH from :; to -1 yearf iiiil, 
aud coveriiiK about <'i aurcH or Itiiul. 

Per *cre 71 Urn. cultee worth, at *ll.il per im Ibn. >; 7.)i7 

Leas co.st or plcklii)^, preiiariii); ami traiittportutimi i'.7:i 

Net eoHt per acre ol'i-oiree four yearn ^til.-ifi 

The foreign) coffees are doing very well and several are 
with fruit. 

Coffea robusta, a coffee variety which according to informa- 
tion is now attracting: much attention In Java, la represented at 
the substation by 3 specimens. 

One was top grafted on Porto Rican coffee and ia doing 
finely, the graft having several fruits on it. One was top graft- 
ed on Maragogype and is also doing finely although yet with- 
out fruit. One was left in its original condition and is now a 
splendid young tree, which blossomed heavily this year, but 
hardly any fruit has set. Different other grafts with Coffea 
liberica as stock are doing finely and are bearing fruit. 

The fields planted exclusively with Porto Ri;an coffee have 
improved considerably since the provisional wind-breaks have 
grown up, and are loaded with fruit. 

Altogether the experiments have done well and results should 
begin f) show at the end of this harvest. 

The native method of drying coffee is shown in figure 2 of 
Plate IV. 
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KEP(JHT OF THE PLANT PATilOJAXJIt^'r. 



In beginning work at this station it was found desirable to 
obtain some knowledge as to the general conditions of the island 
with regard to plant diseases. In this study some of the agri- 
culturally more important sections were visited and observations 
made on the presence and distribution of such diseases. More 
time was given to this because of the laboratory side of the work 
being hindered by a temporary lack of suitable equipment. Some 
of the results of this study are given in this report. 

Among citrus fruits comparatively little disease was observed. 
The foot-rot is not uncommon in wet, poorly drained lands, but 
this is capable of control. Scab is nuite common especially in 
young lemon trees. No cases of withertip were ncted, nor of the 
physiological blight disease, so destj'uctive in some other citrus 
growing regions ; but as most of the budded groves are young, 
and only mature, fully bearing trees are subject to attack, its 
presence is hardly to be expected. The die-back due to overfeed- 
ing with organic nitrogen is not found in the citrus trees of Porto 
Rico at the present time ; this may be because excessive applica- 
tions of manures rich in such nitrogen have not be<n made. 

The pineapple has one conspicuous disease chnraeterized by 
the appearance of white spots on the leaves. This is caused in 
many cases at least by the entrance of organisms through wounds 
such as the punctures made by sucking insects. At first the 
spots are small and brown. Gradually they enlarge, the epider- 
mis sinks, the interior tissue is destroyed, and the white bleached 
appearance is taken on. It is in no sense a serious disease 
although common under excessively moist conditions. Another 
disease of this fruit now being studied is characterized by a decay 
of the root system. This has been observed up to this time only 
infields with stiff, impermeable soil. It is apparently favored 
by excessive rainl'all. Not only the pineapple but many other 
fruits grown in soil of this nature are affected with root rot. 
The obvious remedy of not growing the plants on such soils can- 
not be resorted to for the reason that there are sections where 
comparatively large areas of clay land are found. 

The sugar cane in Porto Rico is largely free from fungus 
diseases, and only in some places on the east coast, where the 
rainfall has been excersive. are they to be found in any abun- 
dance. The rind disease is much in evidence there, even where 
the plants are free from mealy bugs or other insects. Usually 
this disease follows the attacks of such insects. The canes in 
one field were found to be suffering much from the attacks of a 
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soil fungus. The fruits of an agaric-like fungus appeared in 
abundance on some of the dead stalks, but whether these are the 
fruits of the cane destroying fungus, is not yet determined. No 
other fruitintr bodies were found. Slight attacks of the root 
disease were noticeable in many comparatively healthy fields in 
other parts of the island. The rind disease was also present to 
some extent in many of the fields. That both diseases are not 
more common is due in part to cultural methods now employed. 
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REPORT OF THE A&SISTAXT ANIMAL 
HUHBANIOIAN. 

It.v K. U. RllZMAN. 

In the quality of live stock Porto Rico stands at the head of 
the West Irdian islands. Formerly, large numbers were expoit- 
ed priiiciually to the surrounding islands, but this exportation 
has grsidually diminished in value- 

The following table shows the number and value of live 
stock exported to foreign countrits; 

EXPOKTS OF PORTO RICAN LIVESTOCK- 
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The station has in previous rejjorts empha-ized the necessity 
of increasing the size of the native horses and mules. TI.e 
native horses are small but possess much stamina. They aie 
practically all of a saddle type and ;xo very easy gaits, tiie 
most common of which is a racking pace; some of them, howevor, 
possess more stylish action; one gait is especially attractive, a 
fast rack with tt.e high forefeet action of a hackney. Horses 
possessing this gait are in demand and command high prices. 

Some very good results have been obtained by several breed- 
ers in crossing imported saddle gaited and trotting bred stallions 
on native mares, with material increase in size. 

Practically no horses are used for working in the fields, eis 
they average too low in weight for that purpose, the greater 
number being probably under 800 pounds. Many horses are un- 
sound. A very common defect easily noticeable is a knee-sprung 
condition. It results probably from being ridden too young and 
general hard usage on the macadam roads. Native muSes : re 
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also below the size to be used profitably for working in the fields. 
They are used mostly for pack animals. In hardiness they are 
the equal of native horses. By breeding American jacks to 
crossbred mares of good size some mules, now about yearlings, 
have been obtained which promise to be of good size. 

The keep of horses and mules costs much less at the experi- 
ment station than in the States. Two horses receive 2 pounds 
each of oats per day, and two other smaller ones receive only 1 
pound per day with Para grass for roughness. These horses, 
however, receive very little exercise. The mules, which are 
worked constantly on the road and in the fields, receive 8 pounds 
of oats daily with Para grass. This is less than one- third the 
amount of grain that would be fed to mules and horses of the 
same size in the States. Silage from Para grass has also been 
fed to the mules. When fed with about 1 liter of cane molasses 
diluted in water and sprinkled throughout they ate it with relish, 
but when molasses was not mixed with it they apparently cared 
little for it. 

CATTLE. 

The characteristics and merits of Porto Riean cattle have 
been sufficiently described in previous reports. The aim of the 
station has so far consisted in encouraging improvement in ear- 
lier maturity and a larger milk production. Unfortunately, the 
station has not been in a position to experiment along this tine, 
but it is hoped that this can be undertaken in the near future, as 
large quantities of dairy products are at present imported and 
milk retails at exceptionally high prices. Improvement in more 
sanitary production and handling of milk is also desirable. 
Doubtless great improvement can be made by the use of good 
bulls from approved dairy breeds of cattle, but it would perhaps 
be better to introduce sires of such blood which more nearly 
resemble the native stock, as for example the Guernsey or Jersey. 
Some crossbred calves from Hereford bulls on native cows have 
been seen which resemble the Hereford in all characteristics, 
and as near as can be judged in young calves they promise to 
develop good beef types. One of the characteristics that cross- 
bred animals peem to inherit from native stock is a very short, 
smooth coat in which it is more difficult for ticks to live. 

The eradication of ticks from Porto Rico is an exceedingly 
difficult problem as they are constantly carried from one field to 
another by the work oxen. Spraying with a kerosene emulsion 
consisting of two gallons crude kerosene, one gallon of water and 
one-half found of soap appears to be insufficient in killing ticks 
when applied with a spray pump. Live adult ticks which hatched 
larval ticks have been picked from a Shorthorn cow at this sta- 
tion one and two days after spraying. 

Silage from Para grass mixed with a small portion of cowpeas 
has been fed to the cattle. The results were very unsatisfactory 
when they had access to green grass. They seemed to care lit- 
tle for it unless mixed with molasses and when no grass was fed, 
as was the case with the mules. 
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According to the census of 1899 the island possessed only 
3,363 sheep. The sheep seen in this neighborhood and some seen 
in the hills between Ponce and Cosmo, which doubtless represent 
fairly well those found in other parts, are large coarse animals of 
poor mutton type with a patchy, inferior fleece that would hardly 
shear 2 pounds. There is no reason why the cooler inland hills 
could not grow as good wool sheep, when properly handled, as 
the Merinos found in Spain. The continuous warm climate along 
the coast would probably be adverse to such an undertaking. 

During the past year the station has obtained 5 ewes and 1 
ram of African woolless sheep with the view to encourage the 
production of mutton, which is in great demand. They are a 
hardy breed, make good "rustlers," and should be admirably 
suited to native uses. They require comparatively little attention. 
Up to the present they have not been troubled with insect pests 
or parasites and no indication of foot rot has been noticed during 
the rainy period, as they are kept in a well drained paddock with 
access to a dry shed. 



Goats are much more numerous on the island than sheep. At 
present they undoubtedly furnish a large part of the meat that is 
sold for mutton as well as the milk for family use of the poorer 
classes. If any milch goats have ever been brought to the island 
they are now very much mixed with native stock. Canary island 
goats, which are good yielders, are said to have been brought in 
by one breeder, but they have not been kept pure. Native goats 
do not yield over 2 liters of milk daily. Owing to lack of system 
in breeding, the stock has very much deteriorated and it would 
therefore seem advisable to bring in some animals of a breed 
that would be adapted to this climate and give better results. 



Berkshires are the only breed kept by this station at present. 
They keep in good health, are thrifty and vigorous and appear to 
do well on the native grasses. They are also fed shorts, corn- 
meal, and tankage in the ratio of about four parts shorts, two cf 
cornmeai, and one of tankage. A moderate amount of tankage 
is especially desirable for growing pigs, as no dairy by-products 
are available. Brood sows with pigs are given much range on 
which to forage with access to shade and fresh water. 
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NOTES ON THE SOIUS OF PORTO RICO. 

liy O, l.i.KW. 

The luxurient tropical vegetation observed in various parts 
of Porto Rico points to a favorable condition of the climate as 
well as of the soil. Nevertheless there exist in some of the 
cultivated Boils some defects as investigations carried on at 
the experiment station have shown. Some were found to be 
so stiff as to obstruct growth and respiration of roots, some 
showed an acid and others an alkaline reaction, again others were 
found to contain an unhealthy excess of magnesia over lime. 
Nematodes were also found in tobacco seed beds as well as upon 
the roots of the coffee tree. Sometimes two or three unfavorable 
conditions combine in one place. In fact in one locality (Buena- 
ventura) a cane plantation was abandoned on account of decrease 
of returns. 

In regard to the sufficiency of mineral nutrients it should be 
r3membered that the same data can not be applied alike for 
n >rChern and tropical lands. Even in spite of great deficiency of 
potash and phosphoric acid in soils, coffee, cacao and cotton can 
yi ?ld a fair growth in the Tropics, as Hebert" has reported from 
ce itral and western Africa. 

In lonse. open soils the required percentage of the nutrients 
miy, of ourse, he lower than in close soils, since in porous soils 
th^ro^t3can easily spread in every direction in search of the 
av lilable necessary minerals. Detmerand Immendorff * reported 
in the best soils of Java a high content of available potash (0.24 
percent), phosphoric acid (0.16 per cent), and nitrogen (0.56 per 
cent) . The soils of Porto Rico thus far analized at this 
station make a fine showing in this regard. In 6 samples of 
s )il from cane Ian ^ the amount of phosphoric acid was found 
to vary between 0.14 and 0.26 per cent, and in 16 samples from 
tobacco plantations th^e was only in 4 cases less than 0.1 per 
cent. '■ As to potnsh the former group of 6 soils showed 0.17 to 
0.57 per cent, while 12 of the 16 samples of tobacco soils showed 
0.11 to 0.47 per cent. Phoaphatic and potassie fertilizers can, 
therefore, be dispensed with on most of these soils. However, 
small doses may br- applied to the young plants when a rapid 
start is desired. The nitrogen content of the soil samples 

(1 QiiiuK. folou., 11 (1907), No. 4, p. l:il. 

Ii Rot»Di8clie uud laudwirtschaftliclie Studieu aiifjava. Jena. 1!<0~, 
pp. 26-.'ili. 

I? As to phosphoric add. a special determiuatiou wllJ be required to 
decide how luuch of It la Hrmiy flxed iu the liiuuus in organic combinatlou 

W o- 
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from the cane land varied from 0.12 to 0.21 per cent, ard in the 
samples from the tobacco land from 0,09 to 0.63 per cent- How- 
ever, how much of this would be directly available can not 
be easily determined. 

Opinions are still divided as to the minimum percentage of 
lime required for good returns. Some hold that 0.2 per cent 
lime in tropical countries is insufficient but this depends not only 
upon the eliise or open nature of the soil, but also upon the 
relative amount of magnesia present. The higher the magnesia 
content, th^ higher must be the lime content also. In regard to 
lime and magnesia the percentages vary considerably in the 
soils of , orto Kico. 

In the western part of Porto Rico three types of soil n^ey be 
recognized: (1) Very Kiose sandy soil containing sometimes 
fragments of marine shells, extending along the sea beaeh and 
bearing chiefly cocoanut palms. (2) A dark gray or black and 
very stiff clayey soil, extending from Llio base of the central 
mountain ranges to the sandy belt along the coast. It occupies 
lowlands and vallevs and serves chiefly for cane plantation?. (3) 
A loamy soil of intense red color, covering the hills and the 
mountain sides to a great extent. It is the product of disinte- 
gration of shale and a certain kind of trachyte and serves chiefly 
for culture of oranges, coffee, cacao, and bananas. This soil is 
not a so-called laterite soil," observed frequently on the coast of 
tropical countries with moist climate.'' 

A detailed description of the characteristics of these soils 
will be possible after a greater number of analyses are available. 
Thus far it can be stated, however, that the soils of the second 
and third type show frequently an acid reaction on litmus paper. 
Such soils are capable of decomposing chlorids to some extent, 
absorbing the base and liberating hydrochloric acid.' 

Now it is well known that certain plants, as barley and wheat, 
are very easily injured by acidity in the soil, while other plants, as 
potati) and buckwhe'it. possess a certain power of resistance.'' A 
weak acidity of soils is sometimes beneficial, e. g. when tertiary 
phosphates, as rock phosphate and bone dust, serve as manure. 
These are then more readily dissolved for the absorption by the 
roots. But in the majority of cases a neutral soil will be preferable, 

(( Tliefe re.1 s.iil,., nuislly piHir in Iuiiiuih, im^l-ut widely Hi>rea<l in 
I'l.rt.. Itif.) Hiul are in iii.ml cHKea fertile. Kiiice llitv furllier uoiitain ouiy 
very small aiiiinints i.f free aliiniiiiiiiiti li.v<1n>xyif to jii(l«e frinii leniltB 

<ihtalTie<i liy Irealiiieiit witli i!i)lil jiittaHHa milii"" " '' " " 

liv'Iri'Chliirii' adil <>r I per I'eiil. thene hoDh 
neniiiiii? laterliei' 'iDeii rc<iiri<l iti llie Imiilo 
t-Hlleil tierrn mja. 

/• The fonnatioTi of iIiIk elaHH iif siillx rei|iiireH furtlier almly. Ah a 
rule, the laterite reKiilIs froiii liio iiiiieli leaching by warm rariis aiiil h)iowh 
an actHiiiiiilation or ferrie hyilrate, alumiiiiiiiu hyilrate, andHJIicateH of both. 

'- Aciil su>llti were founil hy Daikuhara tii owe their acidity sooie- 
tiinen to uertain nenlitic Bilii;ateB. 

<l Maxwell iiiixeil nm\n witli (l.iia to 0.1 per ceut citric acid and observ- 
ed Ibal cruclferims (ilaiilH and clover rapidly perished In tliew mlxtureH. 
Wheat and barley. |>ea, vetch and luplu failed. maWx develnped Oowen hut 
iioKeed,oMlvinii]et (lid well. ' -' ^., - 
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upon which phosphatic manure in the form of superphosphate will 
produce the best results. This is especially true for pknts which 
develop at a rapid rate, as does tol>acco, and demand, therefore, 
a most uniform distribution of the mineral nutrients within easy 
reach of the roots. Superphosphate, on account of its solubility. 
is capable of spreading ttirouKh the soil, while ground rock phos- 
phate is not. The "hygienic' conditions for,'therootsof tobacco must 
be as perfect as possible, stiff clay must be loosened, acid soils 
must be neutralized by carbonate of lime, alkaline soils must be 
neutralized by gypsum ' in some rarer cases magnesium sulphate 
may also come into consideration), and in cases of a considerable 
excess of the magnesia content over the lime content in a soil, 
liming with addition of gypsum will become necessary. 

Of 16 samples of soils from tobacco plantations, 9 were 
found by the chemist to be "acid," 5 "strongly acil," 1 "slightly 
acid," and only 2 samples were found of neutral reaction. The 
fact that the acid soils prevail in those districts may be chiefly 
due to the warm summer rains which easily leach out the car- 
bonate of lime. On the other hand, lands of alkaline reaction are 
found in some districts where warm summer rains are reduced 
to a minimum. 

Soils of an alkaline reaction are found in the southern part 
of the island which are not reached by the northern air currents. 
These currents deposit their moisture chiefly on the main mountain 
range of the central elevations, reaching an altitude of 4,000 feet, 
and thus the lowlands south of this range receive only a meager 
supply of rain. There exist, however, a number of creeks that 
furnish water for irrigation. But this water does not suffice for 
an occasional flooding of the plantation grounds as is practiced on 
the paddy lands for rice culture but only for moistening the soil 
so far as the development of cane would require. Under such a 
condition the carbonates of potash and soda, resulting frf m the 
disintegration of the rocky particles of the soil, accumulate and 
cause an alkaline reaction. This reaction is. however, unfavor- 
able for several reasons. In the first place it is itself injurious 
and unnatural to the roots; in the second place, the roots are 
thereby prevented from dissolving lime, mEgnesia. and phos- 
phoric acid at the required rate for growth; and in the third 
placet those alkalis render the clay soil of these lowlands very 
stiff and thus obstruct aeration and root growth indirectly. The 
writer has seen perfectly barren spots, devoid of a single blade 
of grass, convincing evidence of ths alkaline reaction of that soil. 

The chemist of the station has examined 6 samples of soils 
from the cane plantations of these localities and observed with 2 
of them "alkaline reaction," with 3 a "strongly alkaline" reac- 
tion, and with 1 a "slightly alkaline" reaction. 

The fact that this alkaline reaction had not been recognized 
before explains the reason why former expensive manuring 
experiments did not fulfill expectations. Indeed phosphatic and 
potassic manures are here not required, only nitrogenous ones. 
If superphosphate showed some beneficial effect it was probably 
due more to having neutralized to some extent the alkaline 
reaction than to the supply of phosphoric acid. Some of these 
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Jands suffer from still another fault, they show an excess of 
magnesia over lime. The figures of 3 samples may be men- 
tioned : 

RELATION OP LIME TO MAGNESIA IN SOME PORTO RICAN SOILS. 

i.*o mbO 



Hample from Murfa AiiLmlu, No. 1 2,40 H.HO 
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In these cases a heavy application of gypsum will be of 
triple benefit, it will do away with the alkaline reaction, it will 
render the soil more open and will antagonize to a certain extent 
the evil influence of the excess of magnesia over lime." This last 
mentioned condition was also observed with 14 of the 16 samples 
of tobacco land, and in half of these samples the magnesia 
content surpassed the lime content twofold and more. If this 
condition is found in soils of acid reactitm, not gypsum alone, but 
slaked lime with addition of a certain amount of gypsum, should 
be applied, in order to correct the two defects as far as possible. 

It will for these purposes be necessary to select a limestone 
free of magnesia or nearly free of it. Limestone samples from 
different parts of Porto Rico have shown a very low magnesia 
content, accordingtothechemist'sanalyses; one sample, however, 
from Quebradiilas with 34 per cent of lime contained also 18.17 
per cent of magnesia. Such a dolomitic limestone may be applied 
on soils which at the same time are poor in lime and in magnesia. 
Whether soils occur in Porto Rico which would show, besides _a 
high lime content, so small a content of magnesia that magnesia 
atone should be supplied as a manure is thus far not know. In 
such cases a moderate manuring with magnesium sulphate would 
be in order.* In two of the samples of tobacoo soils mentioned 
the lime content ran as tow as 0.03 and 0.05 per cent, while the 
magnesia content amounted toO.lSand 0.19 per cent, respec- 
tively. Liming will here prove of great benefit. There exist 
soils in Porto Rico which are much more benefited by liming 
than by the usual manuring, nitrogenous manure included, as an 
experimeni with cane near this station has demonstrated. This 
soil suffers from three defects, viz., acidity, stiffness, and an 
excess of magnesia over lime. By the application of lime at 
the rate of 3,000 pounds per acre the yield of cane was increased 
57 per cent. The yield that on the check plat was equal to 43.96 
tons per acre was changed to the rate of 69.25 tons per acre by 
liming alone. 
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